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FOREWORD 


The  U.S.  shipbuilding  industry  is  well  into  a  revolution.  Surprisingly,  it  is  not 
due  to  the  use  of  computers,  numerical-control  machines  or  robots.  Instead,  the 
revolution  is  motivated  by  a  renewal  of  human  logic,  i.e.,  a  shift  from  system  to 
zone  orientation  in  the  minds  of  people. 

Such  reorientation  enables  a  building  strategy  to  be  planned  and  applied  before 
contract  design  begins.  As  a  design  develops,  a  building  strategy  is  repeatedly 
refined  in  phases  so  as  to  guide  remaining  design  efforts,  i.e.,  functional,  transi¬ 
tion  and  work-instruction  design.  The  process  requires  an  unprecedented  degree  of 
interaction  between  production  engineers  and  designers.  As  a  consequence,  even 
in  shipyards  having  the  most  sophisticated  computer-aided  design  systems,  there 
has  been  a  revival  in  the  use  of  physical  models  to  facilitate  consultations  and 
coordination  between  various  design  and  production  engineering  teams. 

Since  the  demand  for  physical  models  continues,  this  publication  addresses  their 
most  effective  use,  i.e.,  for  creative  purposes  during  a  crucial  design  phase.  The 
first  three  chapters  describe  managerial  aspects  including  the  formation  of  design¬ 
modeling  teams  and  estimated  man-hours  required.  Thereafter,  practical  informa¬ 
tion  is  included  for  modeling  and  for  presenting  information  so  created  in  work 
instructions.  Among  the  ideas  described  is  a  unique  scheme  for  dividing  a  model 
into  sections  to  permit  more  people  to  work  simultaneously  and  so  minimize 
overall  time  required  for  design. 
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EX  SCIENTIA  EFFICIENS 
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1.0  INTRODUCTION 


Shipbuilders  throughout  the  world  have  difficulty  in  retain¬ 
ing  people  experienced  enough  to  create  complex  machinery 
arrangements  and  simultaneously  incorporate  building 
strategies  for  integrated  hull  construction,  outfitting  and 
painting  into  designs.  In  the  Third  World,  cheap-labor  ship¬ 
building  industries  are  becoming  more  effective  in  high- 
volume  standardized  production.  This  forces  shipyards  in 
expensive-labor  countries  to  address  flexible  manufacturing 
and  construction  systems.  Such  systems  feature  product- 
oriented  work  breakdowns  and  statistical  control  of  produc¬ 
tion.  The  resulting  methods,  developed  to  build  ships,  are 
also  applied  for  effective  construction  of  diverse  products 
such  as  chemical  and  waste-treatment  plants  in  any  quantity, 
particularly  one  of  a  kind.  Thus,  any  tools  which  facilitate  in¬ 
tegration  of  design  and  production-engineering  for  a  wide 
variety  of  end  products  are  of  great  interest.1 

Computer-aided  design  (CAD)  has  developed  remarkably 
in  recent  years.  The  most  advanced  employ  hidden-line  and 
shading  techniques  so  that  a  computer-generated  “three- 
dimensional”  picture  is  presented  as  if  it  were  of  a  physical 
model.  Where  CAD  capabilities  exist  they  have  to  some  ex¬ 
tent  replaced  need  for  physical  models.  However,  there  are 
inherent  limitations.  Complex  three-dimensional  arrange¬ 
ments  cannot  be  readily  perceived  on  a  two-dimensional  sur¬ 
face  of  a  cathode-ray  tube.  Also,  screen  sizes  limit  teams  of 
designer-planners  from  viewing  and  discussing  all  aspects  of  a 
complex  arrangement  simultaneously.  For  complicated  ar¬ 
rangements,  the  need  for  physical  models  persists. 

The  need  is  amplified  by  the  revolution  in  shipbuilding 
methods  which  began  in  the  U.S.  shipbuilding  industry  in 
1979.  Simply  described,  the  revolution  features  a  shift  in 
logic,  i.e.,  from  system  to  zone  orientation  for  most  design 
and  production-engineering  efforts.  Composite  arrangements 
are  produced  directly  from  diagrammatics  so  as  to  eliminate 
expensive  and  time-consuming  system  arrangement  and  detail 
(A&D)  drawings.  Most  important,  a  strategy  for  on-unit,  on- 
block  and  on-board  outfitting  is  incorporated  so  that  there  is 
no  need  for  a  separate  planning  effort  to  define  work  pack¬ 


ages  after  completion  of  detail  design. 23Such  design  pro¬ 
duction-engineering  integration  has  contributed  to  a 
resurgence  in  the  use  of  physical  models. 

Some  shipbuilders,  even  among  those  who  have  perfected 
computer-applied  interactive  graphics,  found  it  more  produc¬ 
tive  to  create  complex  machinery  and  piping  arrangements  us¬ 
ing  design  modeling  for  the  creative  phase  and  thereafter, 
computers  for  refinements  and  changes.  Also,  because  dura¬ 
tions  between  contract  awards  and  deliveries  became  singular 
elements  of  competition,  and  existing  files  of  standard  com¬ 
ponents  and  modules  were  adequate  for  current  orders,  one 
shipbuilder  having  both  CAD  and  physical  modeling 
capabilities,  returned  to  pencil  and  paper  for  the  purpose  of 
improving  both  design  productivity  and  speed.  In  other 
words,  market  circumstances  sometimes  dictate  the  most  ef¬ 
fective  design  method. 

Some  owners  require  physical  models  for  reasons  of  their 
own.  As  such  models  are  usually  composites  which  can  fulfill 
all  design  needs  for  interrelating  systems  and  zones,  spending 
time  and  money  to  produce  the  same  arrangement  in  another 
medium  just  doesn’t  make  sense.  Further,  traditionalists  who 
employ  physical  models  just  to  locate  and  resolve  in¬ 
terferences  between  archaic  system  A&Ds,  are  unable  to 
maintain  the  same  conjuration  in  both  mediums  to  any 
satisfactory  degree.  A  model  for  an  owner’s  requirement,  can 
readily  serve  as  the  composite  for  design. 

Design  modeling,  i.e.,  the  cutting,  forming  and/or  joining 
pieces  of  plastic  as  a  medium  for  creating  a  physical  model  of 
an  arrangement,  is  not  a  panacea  that  can  be  generally  ap¬ 
plied.  Conceivably,  three  different  methods  could  be 
simultaneously  employed  for  effectively  creating  ar¬ 
rangements  in  different  regions  of  one  ship,  e.g.,  traditional 
drafting  for  simple  parallel  pipe-runs,  design  modeling  for 
very  complex  arrangements,  and  computer-applied  interac¬ 
tive  graphics  elsewhere.  In  all  cases,  computers  are  the  most 
effective  for  incorporating  repetitive  design  details,  defining 
material  requirements,  maintaining  structured  material  lists, 
entering  changes,  etc. 


L.D.  Chirillo,  R.D.  Chirillo,  “Flexible  Manufacturing  -  What  it  Means  in  Shipbuilding,”  Pacific  Northwest  Section,  The  Society  of  Naval  Architects  and 
Marine  Engineers,  25  February  1984. 

Aspects  of  the  revolution  are  described  in  the  National  Shipbuilding  Research  Program  (NSRP)  publications  “Integrated  Hull  Construction,  Outfitting  and 
Painting  -  May  1983”  and  “Design  for  Zone  Outfitting  -  September  1983.”  All  NSRP  publications  referenced  herein  are  available  to  U.S.  shipbuilders  in 
limited  quantities  from:  L.D.  Chirillo  Associates,  P.0.  Box  953,  Bellevue,  WA  98009. 

The  word  unit  is  used  to  designate  an  assembly  of  just  outfit  materials.  Thus,  on-unit  outfitting  does  not  involve  any  hull  structure. 


1 


One  shipbuilder  bridged  the  gap  between  a  model  and  com¬ 
puter  by  digitizing  from  prints  of  models  obtained  by  ortho¬ 
photography.  A  design  firm  developed  a  similar  technique  us¬ 
ing  laser  scanning  to  also  produce  orthographic  prints.  In 
both  systems,  two-dimensional  digitizing  is  performed  on  the 
prints  and  extreme  care  is  taken  to  coordinate  collection  of 
data  for  a  third  dimension  at  a  computer  input  terminal.  A 
photogrammetric  system  has  been  described  which  can 
digitize  in  three  dimensions  for  direct  input  into  a  computer 
with  less  chance  for  human  error.  Obviously,  it  is  now  feasi¬ 
ble  to  use  design  modeling  for  creative  work  while  taking  ad¬ 
vantage  of  a  computer  to  more  quickly  and  more  accurately 
perform  such  routine  chores  as  pipe-piece  detailing, 
reproducing  standard  details  and  preparing  material  lists. 
However,  highly  sectioned  design  models  are  required  in 
order  to  provide  sufficient  visual  access  as  for  a  camera.4 
Also,  more  knowledge  is  required  about  how  the  act  of 
modeling  is  a  design  technique,  i.e.,  about  design  modeling. 

Chapter  2.0  addresses  the  usefulness,  present  state,  etc.  of 
design  modeling  applied  to  a  ship's  engine-room.  Chapter  3.0 
describes: 

•  how  design  modeling  for  construction  of  a  ship’s  engine- 
room  is  included  in  the  overall  shipbuilding  schedule, 

•  a  process  for  design  modeling  by  stages,  i.e.,  prepara¬ 
tion,  planning,  model  making,  etc., 

•  team  formation,  and 

•  rough  layout  drawings  prerequisite  for  modeling, 
together  with  related  data,  plans,  work  schedules,  etc. 

Chapters  4.0,  5.0  and  6.0  contain  useful  information  about 
how  to  model  a  hull  and  how  to  model  outfit  components. 
Modeling  assemblies  to  reflect  how  outfitting  is  to  be  actually 
implemented  on-unit,  on-block  and  on-board,  is  described  in 
Chapters  7.0  and  8.0  along  with  examples  of  work  instruc¬ 
tions  derived  from  models.  Model  shop  facilities  and  re¬ 
quirements  are  described  in  Chapter  9.0.  With  Chapter  10.0, 
which  addresses  end  products  other  than  ships,  this  publica¬ 
tion  should  aid  shipbuilders  in  meeting  requirements  of 
flexible-system  production. 


4  Description  of  the  photogrammetric  method  and  some  information  about  other  methods,  are  contained  in  the  NSRP  publication  “Photogrammetric  Dimen¬ 
sioning  of  Ships’  Engine-room  Models  -  March  1981.” 
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2.0  PERTINENT  FACTORS 


2. 1  What  Design  Modeling  Achieves 

A  typical  design  model  for  a  ship's  engine-room  faithfully 
incorporates  the  constraints  imposed  by  the  hull  structure  at  a 
certain  reduced  scale  and  within  certain  accuracy  tolerances. 
Employing  roughly  arranged  diagrammatic,  supplemented 
at  first  by  more  detailed  sketches,  designers  create  an  engine- 
room  arrangement  in  a  prescribed  zone  sequence  using  a 
model  as  a  common  medium  for  examination,  communica¬ 
tion  and  checking.  Usually,  as  construction  and  use  of  a 
design  model  becomes  more  routine,  designers  employ  fewer 
sketches  and  create  more  aspects  of  the  design  directly  with 
model  components. 

A  typical  engine-room  consists  of  just  the  enveloping  por¬ 
tion  of  a  hull,  a  main  engine,  auxiliary  machinery,  piping, 
ventilation  ducts,  electric-cable  trays,  electric  panels,  motor 
controllers,  switchboards,  independent  tanks,  walkways, 
gratings,  ladders,  etc.  At  first  the  constraining  portions  of  the 
hull,  machinery  and  various  fittings  are  individually  modeled 
based  on  hull  key-plans  and  vendors’  preliminary  drawings. 
Next  they  are  assembled  as  an  engine-room  model  per  a 
machinery  arrangement  and  with  connecting  systems,  such  as 
piping  and  walkways,  in  accordance  with  rough  layouts,  i.e., 
composite  drafts.  At  this  stage,  only  details  which  impact  on 
ship-operating  aspects  and  shipbuilding  strategy  are  defined. 
Such  details  include  locations  of: 

.  controls,  valves  and  gages  related  to  a  pump, 

•  fittings  relative  to  hull  erection-butts  and  seams,  and 

•  only  the  pipe  joints  needed  for  ship  maintenance  and  for 

distinguishing  outfit  work  for  assembly  on-unit,  on- 
block  and  on-board. 

Thus,  preparation  of  rough  layouts  must  be  entrusted  to 
the  most  experienced  individuals  having  command  of  both 
ship-operating  and  shipbuilding  methods.  What  they  achieve 
is  the  first  stage  of  transition  design,  i.e.,  the  first  interrelation 
of  systems  and  zones.  Information  which  had  so  far  been 
organized  by  systems  is  regrouped  so  as  to  become  organized 
by  zones. 


Design  modeling  is  the  second  stage  of  transition  design  as 
a  model  is  a  three-dimensional  composite  which  portrays  ex¬ 
act  locations  and  identities.’ 

Design  modeling  replaces  traditional  drafting  in  the  second 
stage  of  transition  design  only.  Data  needed  to  prepare  work 
instructions  are  extracted  from  the  model  by  manual,  electro- 
mechancial  or  photographic  methods2.  Work- instruction 
design,  includes  piece-by-piece  definition  of  all  fittings  not 
previously  detailed,  e.g.,  exact  definition  of  pipe  pieces,  sup¬ 
ports  and  penetrations. 

2.2  Benefits 

As  a  consequence  of  progress,  specifications  for  machinery 
spaces  require  more  complexity  and  better  quality.  In  addi¬ 
tion,  the  realities  of  competition  require  that  a  building 
strategy  be  incorporated  in  the  design  process  even  as  early  as 
contract  design.  In  other  words,  design  now  requires  a 
tremendous  amount  of  mental  energy,  and  discipline  to  avoid 
making  uncountable  trial-and-error  attempts  in  a  two- 
dimensional  medium  in  search  of  an  ideal  three-dimensional 
arrangement. 

Further,  checking  can  never  be  truly  effective  with  two- 
dimensional  mediums.  Checkers  are  expensive  because  the 
best  of  them  are  frequently  the  most  experienced  designers. 
Secondly,  the  vast  amount  of  detail  on  a  typical  machinery 
drawing  makes  it  virtually  impossible  for  a  designer  and 
checker  to  both  become  100%  familiar  with  all  of  the 
philosophy  and  details  of  a  design.  The  quality  of  the  ar¬ 
rangement  so  produced,  particularly  regarding  the  existence 
of  interferences,  depends  primarily  on  individual  designers  in¬ 
volved  despite  the  fact  that  undetected  errors  can  have  con¬ 
siderable  adverse  impact  on  production  work. 

Design  modeling,  in  contrast,  introduce  a  three- 
dimensional  rendition  at  a  crucial  phase  of  the  overall  design 
process.  Faithful  representation  of  an  arrangement  as  a  three- 
dimensional  physical  model  enables  numerous  designer  par¬ 
ticipants  and  their  supervisors  to  frequently,  easily  and 
simultaneously  check  each  person’s  contribution  and  progress 
relative  to  the  others’.  Thus,  design  models  for  complex  ar¬ 
rangements  enhance  rationalization  of  the  design  process  and 
improve  design  quality.  The  obvious  consequence,  is  improv¬ 
ed  productivity  in  outfitting  shops. 


The  design  functions  and  the  terms  used  are  the  same  as  in  Chapter  4.0  of  the  NSRP  publication  “Design  for  Zone  Outfitting  -  September  1983.” 
’See  Appendix  B  of  the  NSRP  publication  “Photogramrmetric  Dimensioning  of  Ships’  Engine-room  Models  -  March  1981.“ 
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The  usefulness  of  design  modeling  is  summarized  as 
follows: 

Z  an  arrangement  existing  in  three  dimensions  facilitates 
group  thinking  and  checking  so  as  to  minimize  errors  in 
design  and  rework  in  production, 

Z  fewer  outfitting  designers  are  required  as  some  amount 
of  design  modeling  can  be  performed  by  people  having 
only  experience  in  an  outfit  shop, 

•  build-strategy  communications  between  field  engineers 
assigned  to  shops  and  designers  are  enhanced, 

•  communications  with  owners  concerning  their  re¬ 
quirements  for  maintenance,  inspection,  overhaul, 
handling  of  stores,  etc.,  are  enhanced  and  become  more 
timely  (owners’  requirements  for  changes  when  fabrica¬ 
tion  and  assembly  work  is  in  progress  are  minimized), 

•  similarly,  communications  with  regulators  are  enhanced 

(e.g.,  the  effectiveness  of  a  bilge  suction  is  sometime  dif¬ 
ficult  to  perceive  in  a  two-dimensional  representation, 
whereas  in  a  model  the  effect  of  a  bilge  suction  relative  to 
its  surroundings  is  very  easy  to  assess), 

•  a  design  model  is  an  effective  media  for  educating  young 
people  in  ship  design,  planning  and  production  control, 
and 

•  a  design  model  is  a  data  bank,  permitting  rapid  search 
and  retrieval,  useful  for  maintaining  configuration  con¬ 
trol,  such  as  for  construction  of  near-identical  ships  in 
series,  and  for  discussion  of  machinery-space  features 
with  a  prospective  customer. 

2.3  Present  Utilization 

Machinery-space  models  which  are  employed  in  both 
shipyards  and  independent  design  firms  are  primarily  used 
either  for  checking  or  designing. 

2.3.1  Check  Models 

Traditional  check  models  are  employed  when  design  phases 
following  preparation  of  system  diagrammatic,  remain 
system  oriented.  In  this  archaic  approach,  individuals  or 
separate  teams  are  each  assigned  responsibility  for  a  separate 
system  A&D  drawing.  Usually,  priorities  are  assigned  for 
design  sequencing  based  on  installation  difficulty  and/or 
system  performance. 


Designers  with  low-priority  systems  have  to  work  around 
previously  designed  systems  so  that  expensive  pipe  pieces  hav¬ 
ing  numerous  and  odd-angle  bends  are  required.3  Moreover, 
the  preparation  of  system  A&D  drawings,  because  of  condi¬ 
tions  inherent  in  the  process,  is  so  time  consuming  and  expen¬ 
sive  that  traditional  shipbuilders  usually  “field  run”  pipe  that 
is  less  than  2-inches  in  diameter.  In  other  words,  they  are  so 
preoccupied  with  attempts  to  find  and  resolve  interferences 
caused  by  the  more-or-less  independent  preparation  of  system 
arrangements,  that  they  defer  virtually  all  planning  and 
production-control  responsibilities  for  pipe  systems  under 
2-inches  in  diameter  to  the  pipe  fabrication  and  assembly 
people.  In  some  ships,  pipe  under  2-inches  in  diameter  ex¬ 
ceeds  50%  of  the  total  length  of  all  pipe  installed. 

Instead  of  employing  a  model  as  the  design  medium  and 
applying  zone-oriented  logic  to  prevent  the  above  condition, 
traditionalists  employ  models  built  after-the-fact  in  order  to 
check  for  interferences.  Frequently,  resolution  of  an  in¬ 
terference  requires  modification  to  both  a  system  A&D  draw¬ 
ing  and  the  model  used  for  checking.  Often,  needed  model 
modifications  are  ignored  causing  adverse  effects  on  con¬ 
figuration  control,  i.e.,  the  drawings  and  the  check  model  dif¬ 
fer  enough  so  that  the  check  model  becomes  useless.  In  one 
instance  involving  design  of  a  very  compact  high-powered 
engine  room,  configuration  control  became  so  disrupted  and 
the  inadequacy  of  the  separately  derived  system  A&D  draw¬ 
ings  became  so  manifest,  that  designers  were  forced  midway 
in  the  project  to  employ  the  check  model  as  a  design  model. 

2.3.2  Design  Models 

Design  models,  particularly  where  zone  orientation  is  prac¬ 
ticed,  enable  a  design  group  to  better  perceive  the  impact  of  a 
developing  design  on  productivity  in  production  organiza¬ 
tions.  Difficulties  in  fabricating  and  assembling  model  pipe- 
pieces  having  numerous  bends  at  odd  angles,  foretell  dif¬ 
ficulties  that  will  be  encountered  by  pipe-piece  fabricators  and 
assembly  workers  in  production.  Pipe  runs  that  are  un¬ 
necessarily  not  parallel  to  other  runs,  so  that  they  cannot  be 
assembled  on  common  supports  or  share  a  common 
bulkhead  penetration  fitting,  are  immediately  apparent. 

As  the  transition-design  process  is  being  executed  in  only 
one  medium,  resources  are  more  likely  to  be  available  for  in¬ 
cluding  runs  as  small  as  1/2%-inch  diameter  and  even  smaller 
diameter  tubing  either  in  a  model  or  on  subsequently 
prepared  work  instructions.  Most  important,  a  strategy  for 
building  a  design  model  is  usually  devised  to  be  the  same  or 
nearly  the  same  as  that  specified  by  production  engineers  for 
building  an  actual  machinery  space.  That  is,  division  of 
assemblies  within  a  model  reflects  on-unit,  on-block  and  on¬ 
board  outfitting. 


The  need  to  eliminate  odd-angle  bends  is  far  more  significant  than  is  generally  realized.  Statistical  control  of  manufacturing,  as  described  for  hull  construction  in 
the  NSRP  publication  “Process  Anrdysis  Via  Accuracy  Control-February  1982,”  is  a  significant  factor  for  effective  pipe-piece  fabrication  and  assembly  in  the 
world's  most  productive  shipyards.  Statistical  discipline  becomes  impractical  if  there  are  many  different  odd-angle  bends.  Thus,  the  most  productive  shipyards 
standrsrdize  on  90-  and  45degree  bends  as  much  as  possible. 
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2.4  Notes  for  Application  of  Design  Modeling  Techniques 

2.4.1  Main  Purpose 

Before  requirements  for  tolerances,  material  composition, 
finish,  etc.,  are  specified,  the  main  purpose  of  any  model 
must  be  described.  In  the  case  of  design  modeling,  relatively 
great  accuracy  and  precise  tolerances  are  important  but  are 
employed  with  discretion.  That  is,  such  requirements  are 
limited  only  to  parts  and  regions  where  necessary.  Human 
tendency  to  achieve  a  display  of  good  workmanship  in 
models  is  subdued  in  favor  of  sufficient  workmanship. 

2.4.2  Changes 

Significant  thought  must  be  given  to  the  probable  impact 
of  design  modifications  which  can  be  caused  by  owners 
(typically  50%),  other  design  groups  (25%)  and  others  in 
general  (25%).  However,  because  of  the  complexity  of  the 
kinds  of  end  products  that  flexible-system  manufacturing  in¬ 
fers,  changes  are  inevitable.  Their  numbers  can  be  reduced 
and  their  impacts  minimized  by  specifically  organized 
preparations  and  countermeasures  that  are  addressed 
elsewhere.4 

2.4.3  Range  of  Modeling 

What  is  to  be  incorporated  in  a  design  model  has  to  be 
decided  beforehand  based  on  discussion  led  by  a  design  coor¬ 
dinator  which  includes  contributions  from  various  concerned 
parties,  e.g.,  design  groups  which  have  interface  respon¬ 
sibilities,  production  engineers,  owner  representatives,  and 
regulators. 

2.4.4  Consultation  and  Coordination 

Consultation  and  coordination  between  various  design 
groups  and  production  engineers  are  essential  throughout  a 
design  modeling  process.  A  coordinator  establishes  pro¬ 
cedures,  including  regularly  scheduled  meetings,  beforehand. 

2.4.5  Technical  Data 

Technical  data  and  other  relevant  information  are  apt  to 
cause  delay  as  with  any  other  design  process.  Thus,  design 
modeling  should  start  when  a  sufficient  amount  of  key  plans 
(diagrammatics)  are  completed  rather  than  wait  for  the  end  of 
functional  design.  Much  emphasis  must  be  placed  on  com¬ 
munication  with  vendors  and  obtaining  their  preliminary  and 
final  drawings  for  machinery  items  and  fittings. 


4See  Chapter  6.0  of  the  NSRP  publication  “Design  for  Zone  Outfitting  -  September  1983.” 
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3.0  PLANNING  AND  SCHEDULING  DESIGN 
MODELING 

3.1  General 

Just  as  planning  and  scheduling  efforts  are  prerequisites 
for  construction  of  a  ship,  planning  and  scheduling  efforts 
are  also  required  for  constructing  a  design  model.  As  for  any 
other  project,  a  design-modeling  schedule  is  dependent  upon 
a  master  schedule  for  loading  a  shipyard.  Thus,  the  major 
items  addressed  in  planning  and  scheduling  for  a  specific 
design  model  include: 

Z  shipbuilding  schedules, 

Z  design-modeling  process, 

Z  model  scale  and  sectioning  schemes, 

•  design-modeling  team  formation, 

•  selection  and  control  of  materials, 

Z  man-hour  estimates, 

•  control  of  designer  modifications,  customer  changes,  etc. 

during  the  modeling  process  and  notice  of  changes  to 
concerned  organizations, 

•  technical  data  and  other  information  required  for  model¬ 
ing, 

Z  technical  data  and  other  information  to  be  derived  from 
a  model,  and 

Z  rough  layout  sketches  needed  for  modeling. 

As  a  matter  of  vital  importance,  members  of  a  design¬ 
modeling  team  should  discuss,  investigate  and  acquire 
knowledge  of  what  they  are  going  to  deal  with  before 
deciding  on  a  design-modeling  schedule.  In  particular,  for 
each  project  they  must  participate  in  devising,  and  have  com¬ 
plete  understanding  of,  the  building  strategy  for  which  pro¬ 
duction  engineers  have  primary  responsibility. 

3.2  Shipbuilding  and  Design  Modeling  Schedules 
3.2.1  General 


In  order  to  derive  a  design-model  schedule  at  least  the  follow¬ 
ing  must  be  considered: 

•  scheduled  completion  of  basic  design  and  the  contract 
award  date, 

•  scheduled  dates  for  keel  laying  and  for  starts  of  on-unit, 
on-block  and  on-board  outfitting, 

•  scheduled  dates  for  start  fabrication  of  outfit  com¬ 
ponents,  and 

•  when  and  how  data  for  work  instructions  will  be  ex¬ 
tracted  from  the  model. 

In  addition,  some  assessment  should  be  made  of  the  prob¬ 
able  occurance  of  changes  due  to  an  owner’s  requirements. 

Also,  as  a  design  for  outfitting  a  ship’s  engine-room  is  closely 
related  to  designs  for  its  hull,  electric  installation  and  various 
items  of  auxiliary  machinery,  a  modeling  schedule  must  be 
carefully  coordinated  with  the  schedule  for  the  total  design 
effort. 

3.2.2  Typical  Shipbuilding  and  Design-Modeling  Schedules 

An  example  of  a  typical  schedule  for  building  a  ship  of 
30-  to  50-thousand  deadweight  tons  and  of  such  outfit  com¬ 
plexity  that  it  requires  about  15  months  between  contract 
award  and  delivery,  is  shown  in|  Figure  3-2. |  A  design¬ 
modeling  schedule  is  incorporated  tor  ready  comparison. 

Such  scheduling  should  conform  with  the  following  condi¬ 
tions: 

•  if  outfitting  on-unit,  is  scheduled  to  start  one  month 
before  keel  laying  (K-l)  as  shown,  basic  design  should  be 
completed  at  K-10  and  the  design  model  should  be  com¬ 
plete  at  K-5, 

Z  planning  for  the  design  model  should  start  when  there  is 
a  sufficient  amount  of  functional  design  completed, 
usually  about  30  days  after  functional  design  starts,  and 

• 


A  simplified  schedule  of  design  and  production  stages  re- 
quired  for  outfitting  an  engine  room  is  shown  in  Figure  3-1. 


4  to  4  1/2  months  should  be  allocated  for  both  planning 
and  executing  the  design-modeling  effort. 
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FIGURE  3-1:  Simplified  Schedule  for  Design  and  Production  Stages  Required  for  Outfitting  an  Engine-Room 
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FIGURE 3-2:  Typical  Total  Design  and  Shipbuilding  Schedule  Incorporating  a  Design-Modeling  Schedule.  The  time  durations  shown  are  for  relatively  complex  ships  for  which  a  shipyard’s  file  of 
standard  drawings  is  not  applicable. 


FIGURE  3-3:  Typical  Schedule  for  a  Short-Term  Building  Period  when  the  Owner  Requires  a  Model.  In  the  absence  of  such  requirement,  when  the  time  between  contract  award  and  delivery  is 
relatively  short  and  when  a  shipyard’s  file  of  standards  and  modularized  arrangements  is  sufficient,  traditional  design  methods,  i.e,  paper  and  pencil  assisted  by  a  computer,  are  usually  more  effective 
than  design  modeling. 


3.2.3  Short-Term  Schedules 


Sometimes,  market  circumstances  are  such  that  the  ability 
to  shorten  the  period  between  contract  award  and  delivery  to 
as  little  as  10-months  duration  is  a  singular  element  of  com¬ 
petition.  The  start  of  functional  design  could  be  as  late  as 
K-6.  Such  conditions  generally  apply  to  building  relatively 
simple  ships  for  which  standardization  and  modularization 
files  can  be  used.  Then,  manual  drafting  supplemented  by 
computer  data-processing  is  usually  the  most  effective  means. 
While  not  probable,  a  requirement  to  employ  a  model  is 
possible  and  design  modeling  is  feasible  if  special  efforts  are 
applied. 

A  typical  short-term  building  schedule  is  shown  in  Figure 
3-3  which  reflects  the  following  conditions: 


•  a  well-coordinated  and  elaborately-administrated  pro¬ 

duction  schedule  for  the  purpose  of  shortening  the  dura¬ 
tions  allocated  for  outfitting  on-unit  and  on-block  and 
starting  pipe-piece  fabrication  earlier, 

•  good  communications  between  all  departments,  design 
groups  and  shops, 

»  increasing  the  number  of  model  sections,  as  shown  in 
Figure  3-4.  in  order  to  provide  for  more  people  working 
simultaneously  and  so  reduce  the  durations  needed  for 
both  design  modeling  and  extraction  of  data. 


Preferably,  only  one  person  should  be  assigned  per  model 
section.  The  positions  and  sizes  of  pipes  and  flanges  at  the 
model-section  interfaces  are  important  and  must  be  decided 
in  advance  of  modeling  and  clearly  defined  in  the  rough- 
layout  sketches.  Extraordinary  supervision  is  required  to  in¬ 
sure  that  the  design-modelers  carefully  honor  such  interface 
requirements. 


Of  equal  importance  to  interface  control  is  the  control  of 
bulkhead  and  deck  penetrations.  A  design  model  serves  as  an 
exceptionally  valuable  tool  in  this  regard.  Decisions  about  the 
exact  number  and  sizes  of  all  penetrations  should  be  made  on 
the  rough  layouts  before  modeling  starts.  Such  definition 
means  that  the  locations  and  routings  of  all  distributive 
systems  are  fixed  relatively  early  in  the  design  process.  Single 
penetration  fittings  for  multiple  pipe  systems  are  then  detailed 
early  enough  to  insure  that  they  are  fitted  in  hull  blocks 
before  erection;  see  Figure  3-5.  The  amount  of  rework 


associated  with  penetrations  is  inversely  proportional  to  the 
degree  of  penetration  control  exercised  during  design. 


FIGURE 3-4:  Modeling  Work  for  a  Short-Term  Shipbuilding  Schedule.  Numerous  model  sections  permit  more  people  to  simultaneously  participate 
in  both  design  modeling  and  extraction  of  data. 
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3.3  The  Process  of  Design  Modeling 
3.3.1  Relative  to  Engine-Room  Design  Work  Flow 


The  design  modeling  process  as  it  appears  in  a  design  work 
flow  for  an  engine  room  is  shown  iiji  Figure  3-6.  r  "he  work 
flow  for  design  modeling  rom pared  to  that  tor  traditional 
design  is  contained  ii  Figure  3-7.  [The  traditional  work  flow 
depicted  in  the  latteJ  figure  dues*  not  include  a  redundant 
composite-arrangement  in  the  form  of  a  model  as  frequently 
employed  by  traditionalists  for  checking  purposes  only. 


With  further  reference  to|  Figure  3-7, 
process  simply  consists  of: 


a  design-modeling 


Step  1-  Preparing  rough  layout  sketches  (composite 
drafts)  faithfully  incorporating  requirements  in 
functional  drawings  ( diagrammatic ). 

Step  2-  Assembling  a  design  model  which  incorporate  a 
building  strategy  provided  by  production 
engineers. 


Design  models  are  the  equivalent  of  composite  ar¬ 
rangements,  or  as  sometimes  called,  synthetic  arrangements. 


Simultaneously  with  the  progress  of  Steps  2  and  3,  prepar¬ 
ing  rough  layout  sketches  for  the  following: 


Step  3-  Extracting  data  for  manual  or  computer  pre¬ 
paration  of  fabrication-  and  assembly-work  in¬ 
structions. 


3.3.2  The  Overall  Process 


The  overall  design  modeling  process  including  the  follow 


ing  steps  is  schematically  shown  in  Figure  3-8: 


Step  1- 


Basic  model  planning  and  scheduling  consisting 

of: 


Step 

4- 

Step 

5- 

Step 

6- 

Step 

7- 

Step 

8- 

Step 

9- 

Piping  runs. 

Auxiliay -machinery  foundations 
Ventilation  ducts. 

Tanks. 

Gratings,  ladders  and  walkways. 
Electric  cableways  and  trays. 


•  team  formation, 

•deciding  on  the  scale  to  be  used  for  sizing  the 
model, 


The  rough  layout  sketches  produced  in  response  to  Steps  3 
through  9  are  vital  for  coordinating  the  various  design  par¬ 
ticipants  during  their  conception  of  arrangements  and  their 
implementation  of  design  modeling. 


•agreement  on  the  model  division  scheme  and 
range  of  modeling 

•  collection  of  technical  data  needed  to  make 
model  components, 

•  establishment  of  a  work  schedule,  and 

•  selection  and  procurement  of  materials  needed 
to  make  the  model. 

Step  2-  Planning  and  starting  assembly  of  the  hull  por¬ 
tion  of  the  model. 

Step  3-  Starting  assembly  of  models  of  machinery  com¬ 
ponents. 


Step  10-  Assembling  models  for  fittings  such  as  duct 
pieces,  tanks,  foundations,  strainers,  valves,  etc. 

Step  11-  Temporarily  arranging  the  modeled  machinery 
and  other  components  within  the  hull  model, 
employing  adhesive  tape,  for  the  purpose  of  ob¬ 
taining  owner  and  such  other  approvals  that 
may  be  required. 
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FIGURE  3-6:  Outline  Flow  of  a  Design-Modeling  Process  for  an  Engine-Room, 


Design  modeling 


(  Design  by  means  of  3-D  thinking  1 
V  through  the  model  J 


f  Making  composite  drawings 


I  Design  by  means  of  repeated  trial  and  error  for  3-D.  1 

V  arrangements  with  a  2-D.  medium  J 


1 

Composite  arrangement 
drawing  (Complex  overlays) 

f 

Extracting  data  \ 

Manual,  electro-mechanical, 
Photographic  * 

Photog  ra  m  me  tri  c  *  * 


Extracting  data* 


DETAIL  DESIGN 
ATTRIBUTES 


Instructions  for  fabrication 
&  assembly  work, 
material  lists,  etc. 


*  2- Dimensional  digetizing 
with  separate  reading  and 
entry  for  3rd  dimension 

**  3- Dimensional  digetizing 


FIGURE  3-7:  Comparison  of  Design-Modeling  System  and  a  Traditional-Design  System  for  a  Complex  Arrangement. 
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BASIC  PLANNING 


*  Very  simplified  models  are 
made  to  represent  machinery 
items,  i.e.,  only  sufficient 
to  show  the  overall  envelope 
and  nozzle  positions  for  each 
machinery  item  represented. 


FIGURE  3-8:  Overall  Process  of  Design  Modelling 


Checking  after  Step  11  is  of  vital  importance.  An  owner’s 
intentions  and  demands  concerning  the  engine-room 
machinery  arrangement  should  be  clearly  reflected,  confirm- 
ned  and  then  documented  with  photographs.  The  need  for 
such  assurances  cannot  be  understated  because  the  owner’s 
opinions  as  reflected  by  the  contract  drawings  could  change 
with  design  development  or  because  of  some  other  reason. 
Similarly,  checks  should  be  made  to  ensure  that  makers  of 
machinery  have  not  introduced  changes  by  this  time  that 
would  impact  on  the  arrangement.  Step  1 1  represents  the  last 
practical  opportunity  to  incorporate  some  owner  preferences 
and  machinery-manufacturer  changes  without  causing 
serious  disruption  to  the  remainder  of  the  design  effort  and  to 
the  production  effort. 


Step  12-  After  receipt  of  owner's  approval,  dividing  the 
temporary  assembly  in  accordance  with  the 
model  sectioning  scheme. 


Wherever  possible,  the  divisions  in  the  model  should  match 
those  for  outfitting  on-unit  and  on-block  in  accordance  with 
a  specific  building  strategy.  When  large  ships  are  built  with 
large-capacity  facilities,  there  are  usually  more  separations  re¬ 
quired  for  modeling  purposes  than  for  actual  ship  construc¬ 
tion.  Sectioning  also  provides  ideal  camera  access. 


Step  13-i  Assembling  the  modi 


Figures  3-9, 


-10 


l-seeti&iis  permanency:  see 


m  d  3-11. 


In  such  assemblies  there  is  no  need  to  reflect  foundation 
details  as  they  are  not  developed  from  modeling.  Simple 
blocks  with  correct  overall-dimensions  are  usually  sufficient 
to  represent  foundations.  Also,  special  care  is  taken  to  ensure 
that  all  required  model  sections  are  completed  at  nearly  the 
same  time. 


Step  14-  Joining  the  various  model  sections  to  create  an 
entire  engine-room  model. 

Step  15-  Checking  and  adjusting  as  required  between  sec¬ 
tion  interfaces  until  completion. 
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3.4  Team  Formation 


The  team  formation  shown  in 


Figure  3-12 


is  recommended 


because  it  identifies  a  distinct  planning  group.  The  group 
should  consist  of  2  or  3  designers  each  of  whom  has  more 
than  five  years  experience  in  mechanical  design  and  is  well  in¬ 
formed  about  ship  operation  and  maintenance  as  well  as  ship¬ 
building  matters  which  impact  on  engine-room  detail  design. 
In  addition  to  their  planning  responsibilities,  one  serves  as  the 
model  coordinator  while  the  remaining  1  or  2  participate  in 
model  assembly,  routing  pipe  runs,  etc. 


Modeling  of  the  hull,  machinery  items,  and  fittings,  ex¬ 
cluding  standard  model  components  that  may  be  purchased, 
are  made  by  modelers  assigned  for  such  work.  Of  the  model 
makers  so  employed,  4  or  5  are  retained  to  assist  the  designers 
during  model  assembly,  routing  pipe  runs,  etc. 

3.5  Basic  Planning  for  Design  Modeling 


3.5.1  Ideal  Scales  for  Sizing 


•  when  the  model  sections  are  to  serve  as  work  instructions 
for  on-block  outfitting,  the  section  divisions  should  coin¬ 
cide  with  planned  erection  butts  and  seams, 

•  even  when  the  model  sections  are  to  serve  as  work  in¬ 
structions  for  on-block  outfitting,  if  erection  blocks  are 
relatively  small,  2  or  3  blocks  should  be  combined  into 
one  model  section, 


section  dividing  lines  should  provide  for 


animated  decks 


and  divisions  between  decks  as  shown  ir  Figure  3-13  in 
order  to  facilitate  on-block  modeling  of  both  decks  and 
ceilings, 


•  section  sizes  must  consider  the  strength  characteristics  of 
the  material  used  for  bases,  e.g.,  for  an  acrylic-plastic 
sheet  3  to  5mm  in  thickness  used  as  a  base  in  a  1:15  scale 
model  section,  width  and  length  should  not  exceed  600 
and  800mm  respectively,  and 


The  scale  to  be  used  for  design  modeling  is  one  of  the  most 
important  planning  subjects.  The  following  must  be  con¬ 
sidered: 

•  ease  of  calculation, 

Z  ease  of  assembly  work, 

Z  ease  of  handling, 

•  accuracy, 

•  cost, 


•  in  choosing  the  number  of  model  sections,  it  is  also 
necessary  to  consider  the  time  scheduled  for  design 
modeling  and  the  number  of  qualified  people  assigned  to 
the  design-modeling  team. 


Regarding  the  latter  requirement,  if  a  design  model  is  re¬ 
quired  and  the  time  between  contract  award  and  delivery  is 
very  short,  the  numbers  of  both  model  sections  and  people 
assigned  to  the  modeling  team  must  increase  accordingly.  A 

el- 


typical  sectioning  scheme  foiLai^.ng.m.e-mom-^>i-a-diei 


powered  ship  is  illustrated  in  Figures  3- 14(a) 


rnd  (b). 


3.5.3  Range  of  Modeling 


*  purposes  of  model,  etc. 

Cost  and  ease  of  handling  are  directly  related  to  model  size; 
smaller  models  cost  less.  However,  assembly  work  is  easier  to 
perform  in  large  models;  less  skill  is  required.  In  general  1:15 
scale  is  effective  for  ships  of  10-thousand  deadweight-tons  or 
less,  and  1:20  for  larger  ships.  In  exceptional  designs  when  re¬ 
quirements  for  more  detailed  examination  justify  the  higher 
cost,  a  scale  of  1: 10  is  usually  adopted. 

3.5.2  Sectioning 

Sectioning  of  a  typical  engine-room  design-model  necessarily 
takes  into  consideration  bull  form,  modeling,  assembling, 
handling,  utilization  of  the  completed  model,  etc.  The  follow¬ 
ing  requirements  are  pertinent: 

*  in  a  relatively  large  section,  model  makers  have  difficulty 
in  assembling  parts  that  are  located  deep  inside, 

*  each  model  section  should  facilitate  visual  and/or 
manual  access  commensurate  with  the  method  planned 
for  extracting  data, 


What  is  to  be  modeled  must  be  precisely  defined  during 
basic  planning.  Modeling  everything  is  desirable  but  imprac¬ 
tical.  As  an  economic  measure  (cost  and  time)  components 
which  are  not  of  vital  importance  to  the  process  for  creating 
an  effective  engine-room  arrangement,  are  often  omitted. 
The  following  parts  and  their  equivalents  should  be  omitted 
from  the  modeling  process  as  they  can  readily  be  arranged  in 
another  design  medium: 

•  the  few  pipes  and  fittings  normally  located  around  the 

top  of  the  engine  casing, 

•  pipe  inside  a  double  bottom, 

•  pipe  within  a  funnel,  and 

•  pipe  and  tubing  of  less  than  1 /2-inch  diameter. 
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2  -  3  Designers 
PLANNING  GROUP 


O  Sectionalization,  scale 
O  Work  schedule 
O  Material  procurement 
O  Rough  layout 
O  Man-hour  schedule 


1  Designer 


COORDINATOR 

c . 

DESIGN  GROUPS 
AND 

PRODUCTION  SHOPS 

> 

MODELING 


MODELING  GROUP 


O  Assembling  plan 
O  Hull  making  plan 
O  Material  and  tools 
O  Modeling  techniques 


Hull  models 


1-2  Modelers 


Machinery 

models 


2-3  Modelers 


Assembly 
and  piping 


^  moJePs  P  K 


2  Designers 
us 

5  Modelers 


PRODUCTION 

DATA 


1-2  Modelers 


FIGURE  3-12:  Example  of  Team  Formation  for  Design  Modeling. 


nn 


n 


2ND  DECK 


DIVIDING  LINE 


/  DIVIDING  LINE 


3RD  DECK 


DIVIDING  LINE 


FIGURE  3-13:  Decks  Consisting  of  Two-Part  Laminates.  This  technique  permits  a  division  to  be  made  through  each  deck. 
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2ND  DECK 
4  SECTIONS 


UNDER  SURFACE 
OF  UPPER  DECK 
4  SECTIONS 


3RD  DECK 
3  SECTIONS 


UNDER  SURFACE  OF  2ND  DECK 
5  SECTIONS 


LOWER  FLOOR 
3  SECTIONS 


UNDER  SURFACE  OF  3RD  DECK 
3  SECTIONS 


FIGURE  3-14(a):  Typical  Sectioning  Scheme  for  a  Diesel-Powered  Engine-Room  (Plan  View). 
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FIGURE  3-I4(b):  Typical  Sectioning  Scheme  for  a  Diesel-Powered  Engine-Room  (Transverse  View).  The  divisions  through  and  between  decks  enables 
the  model  to  be  separated  into  sections  so  that  more  people  can  simultaneously  participate  in  design  modeling. 
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HULL  DRAWINGS 


FIGURE  3-15:  Technical  Data  and  Information  Needed  to  Make  Models. 


Hull  model  planning 
and  modeling 


3.5.4  Required  Information 


A  typical  information  flow  as  needed  to  perform  design 


modeling  is  shown  iq  Figure  3-15. 
follows: 


Classifications  are  as 


•  basic  planning  for  design  modeling, 

•  hull  modeling, 

.  machinery  and  fittings  modeling,  and 

•  model  assembly. 

Planning  for  design  modeling  should  start  before  function 
design  is  completed.  Therefore,  basic-design  documents  are 
primarily  used  for  the  planning  phase.  In  addition,  much  of 
the  rough  layouts  used  for  modeling  are  derived  from  basic 
design.  This  information  is  supplemented  by  files  of  technical 
data  and  information  which  describes  standard  valves, 
strainers,  flanges,  pipe  bends,  elbows,  ladders,  etc.  that  are 
available  to  the  design  modeling  team. 

3.5.5  Selection  and  Control  of  Materials 

With  the  exception  of  model  bases  which  are  made  of 
wood,  plastics  are  generally  employed  throughout  a  design 
model.  Many  plastic  model  parts  are  available  as  standard 
catalog  items  offered  by  model  suppliers.  Non  standard  parts 
are  custom  made  by  model  makers;  see  Figure  3-16.  T1  us,  the 
collection  and  filing  of  up-to-date  catalogs  of  materials 
available  are  very  important  functions  that  should  be  assigned 
to  a  design  modeling  team.  Control  of  material  starts  with 
procurement  of  good  quality  materials  at  the  best  prices. 

Quantities  of  each  item  are  estimated  from  basic  planning 
drawings  or  from  previous  design-modeling  projects. 
Materials  should  be  inspected  upon  receipt  and  stored  in  a 
fashion  and  location  where  they  are  readily  accessible,  e.g., 
pigeonholes,  cabinets,  shelves,  etc.  in  a  model-shop  space 
allocated  for  such  storage. 

3.5.6  Detail  Work  Schedule 

Performance  of  a  design-modeling  team  on  schedule  and 
within  an  allocated  man-hour  budget  is  of  vital  importance. 
A  typical  detail  work  schedule  for  design  modeling,  as  in 


Figure  3-17,  is  derived  from  the  schedule  for  design  modeling 
which  was  prepared  from  the  shipbuilding  schedule.  The 
detail  schedule  is  based  on  such  considerations  as: 

•  duration  allocated  for  design  modeling  relative  to  a  ship¬ 

building  schedule, 

•  engine-room  plan  and  space, 

•  range  of  modeling, 

•  number  of  team  members,  and 

•  number  of  man-hours. 


Inspection  and  checking  are  very  important  steps  which 
should  be  scheduled  just  as  actual  modeling  work.  Concerned 
designers  and  field  engineers  should  begin  their  inspections 
during  the  final  stage  of  model  assembly.  A  model  then  serves 
to  facilitate  discussion  and  confirm  production  plans  and 
schedules  for  work  assigned  to  shops. 

Ideally,  an  owner’s  check  should  take  place  before  pipe 
runs  are  installed  and  again  at  the  final  stage  of  design  model¬ 
ing.  Designers  should  be  prepared  to  employ  the  model  for 
explaining  matters  concerning  the  machinery  arrangement, 
pipe  runs,  etc.  An  owner’s  requirements  for  alteration  should 
be  carefully  documented,  accompanied  by  photographs,  and 
signed  by  an  authorized  owner  representative. 


3.5.7  Design  Modifications  During  Modeling 


Figure  3-18  illustrates  a  communication  system  for  control 


of  design  modifications  and  for  notifying  concerned 
organizations.  When  modifications  are  proposed,  as  a  conse¬ 
quence  of  design  development  or  an  owner’s  request,  the 
coordinator  checks  their  impacts  by: 

•  reviewing  rough  layouts  with  designers,  and 


•  consulting  with  model  makers. 

Following  such  evaluations,  the  coordinator  issues  authori- 
ity  to  effect  changes  and  pertinent  notices  to  concerned 
organizations. 


3.5.8  Man-Hour  Estimation 


The  man-hours  needed  for  design  modeling  depend  on  the 
following: 

•  structural  plan  of  engine  room  and  space  available, 

•  amounts  of  engine-room  machinery  and  fittings, 

•  owner  category,1 

•  model  scale,  number  of  model  sections,  and  number  of 
different  items  to  be  modeled, 

•  degree  of  available  modeling  skill, 

•  coordination  between  people  assigned  to  a  design¬ 
modeling  team,  and 

•  accuracy  required. 


'Some  shipbuilders  categorize  ships  to  be  designed  by  the  degree  that  owner  preferences  impact  on  costs,  e.g.,  1st  European,  2nd  Greek,  3rd  Hong  Kong,  etc. 
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MODEL  PART 

STATUS 

HULL 

NON-STANDARD 

MACHINERY,  MOTOR 

f  STANDARD 
(  NON-STANDARD 

VALVE,  PIPE,  ELBOW,  TEE 

STANDARD 

PIPE  SUPPORT,  TANK  ) 

WALKWAY,  CABLE  TRAY  j 

NON-STANDARD 

LADDER 

STANDARD 

FOUNDATION 

NON-STANDARD 

MODEL  BASE 

NON-STANDARD 

FIGURE  3-16:  Typical  Standard  and  Non-Standard  Model  Components.  Standard  components  are  available  from  model-supply  firms. 

Regarding  the  latter,  accuracy  required  should  be  decided 
beforehand  and  should  be  no  greater  than  that  actually  re¬ 
quired  as  man-hour  requirements  increase  exponentially  with 
accuracy.  The  same  order  of  accuracy  does  not  have  to  exist 
everywhere. 


Estimated  man-h©ufs4©^-vaaous  aspects  of  design  model¬ 
ing  are  provided  i  a  Figure  3-19.  As  material  accounts  for  only 
about  15%  of  design-modeling-' costs ,  great  attention  should 
be  given  to  reducing  man-hours. 


A  process  for  preparing  layouts  is  shown  in  Figure  3-20. 
An  important  feature  is  immediate  determination  of  main 
piping-routes  because  they  are  fundamental.  Secondly, 
layouts  of  tanks,  ventilation  ducts,  pipe  runs,  electric-cable 
trays,  walkways,  gratings,  ladders,  etc.  are  determined.  Then, 
all  layouts  are  compared  and  adjusted  in  order  to  achieve  a 
well  balanced  distribution  of  pipe  runs,  tanks,  etc.  from  a 
composite  viewpoint. 

3.6.2  Information  Required  in  Advance 


3.6  Rough  Layouts 


Prerequisite  information  for  design  modeling  includes: 


3.6.1  General 


•  Hull  Drawings 


Performing  design  modeling  from  just  the  end  products  of 
function  design  would  be  very  difficult  and  costly  in  time  and 
man-hours.  Necessarily,  a  model  of  a  complex  engine-room 
must  be  made  section  by  section  and  completed  in  a  relatively 
short  time.  In  order  to  perform  modeling  work'smoothly  and 
efficiently,  and  also  to  realize  a  consistency  in  design 
throughout  the  entire  process,  rough  layouts  of  pipes,  fit¬ 
tings,  electric-cable  trays,  ventilation  ducts,  walkways, 
gratings,  ladders,  etc.  prior  to  model  making  are  very 
important. 

Rough  layouts  are  necessary  for: 

•  enabling  designers  and  model  makers  to  assess  an  engine 
room  to  be  built  as  a  total  entity, 

•  preliminary  knowledge  of  an  entire  engine-room  outfit, 
i.e.,  knowledge  of  the  kinds,  numbers  and  positions  of 
fittings, 

•  providing  interface  guidance  to  the  various  model 
makers  who  are  to  produce  different  model  sections 
simultaneously,  and 

•  investigating  alternate  arrangements  which  would  be  dif¬ 
ficult  to  evaluate  in  the  midst  of  model  making. 


-  general  arrangement 

-  midship  section 

-  construction  profile 

-  body  plan 

-  hull  piping  diagrammatics 
•  Machinery  Drawings 

-  basic  machinery  arrangement 

-  machinery  principal  particulars 

-  machinery  pipe-connections  and  outlines 

-  shafting  arrangement 

-  ventilation  duct  arrangement 

-  electric  diagrams  (routes  and  sizes) 


24 


PIPING  &  ASSEMBLING 


FIGURE  3-17:  Detail  Work  Schedule  for  Design  Modeling, 


© 


FIGURE  3-18:  Communication  and  Information  System  for  Design  Modeling. 


References 

-  tank  arrangement  (from  previous  ships) 

-  piping  arrangement  (photographs  of  models  and  draw¬ 
ings  for  other  ships) 

-  fitting  catalogs  (special  strainers,  valves,  etc.) 

-  lists  of  standard  fittings 

The  above  drawings  and  references  are  necessary  not  only 
for  preparing  rough  layouts  but  also  for  model  making.  Even 
when  special  fittings  are  not  precisely  defined,  rough-layout 
work  should  proceed  based  on  best  known  catalog  or  other 
information. 

3.6.3  Auxiliary  Machinery  Foundations 


After  locations  of  other  auxiliaries  are  determined,  their 
foundations  are  roughly  designed  by  members  of  a  design¬ 
modeling  team.  Particular  attention  is  given  to  pipe  pieces 
and  valves  that  will  be  immediately  attached  A  typical 


preliminary  foundation  design  is  shown  in  Figure  3-21. 


Preliminary  designs  of  auxiliary  machinery  foundations 
should  be  made  together  with  rough  layouts  because  regard 
for  fittings,  particularly  valves  attached  to  auxiliaries,  often 
require  alterations  in  piping  layout-work.  Foundation  design 
also  depends  on  whether  fitting  work  is  to  be  performed  on 
unit  or  on  block. 


Initial  foundation  designs  for  auxiliary  machinery  usually 
require  modification  because  of  various  design  factors.  With 
the  aid  of  rough  layouts,  final  foundation  locations  and 
designs  are  defined  during  model  making. 


Foundations  for  large  machinery  items,  e.g.,  diesel 
generator,  boiler,  etc.  are  usually  designed  by  hull  specialists 
because  such  foundations  are  integral  with  hull  structure.  As 
such  structural  details  are  generally  not  ready  in  time,  models 
of  these  foundations  are  made  per  drawings  from  previously 
built  ships  having  similar  engine  rooms. 
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150-200 


LOWER  DECK 


400-500 


400 -500 


200-300 


3RD  DECK 


250-35  0 


250-350 


150-  200 


150-  200 


200-300 


200-300 


150-  200 


CASING 


2ND  DECK 


ESTIMATED  NUMBERS  OF  MAN-HOURS  BY  SHIP  SIZE 


Tonnage  (D.W.T.  ) 

Planning  (hours) 

Modeling  (hours) 

20,000-1  00,000 

800-1,000 

3,000-4,500 

1  00,000-200,000 

1,000-1,200 

4,000-5,500 

200,000-400,000 

1,200-1,600 

5,000-6,500 

ESTIMATED  NUMBERS 

OF  MAN-HOURS  BY  FUNCTION  FOR  A  SHIP  OF 

30,000-50,000  D.W.T. 

Basic  planning  &  rough  layout 

800-1,000  hours 

Hull  modeling 

500-  600 

Machinery  modeling 

300-  400 

Outfits  &  foundations 

Ducts,  cable  trays  &  others 

200-  300 

Piping  &  assembling 

2,000-3,000 

Total 

3,800-5,300 

FIGURE  3-19:  Estimated  Man-Hours  for  Various  Aspects  of  Design  Modeling.  When  a  design  modeling  process  is  accelerated,  such  as  when  rapid 
delivery  of  a  ship  is  specified,  design-modeling  costs  will  increase. 
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FIGURE  3-20:  Process  for  Preparation  of  Rough-Layouts. 


3.6.4  Ventilation  Ducts 


3.6.6  Tanks 


An  approach  for  design-modeling  ventilation  ducts  is 
shown  in|  Figure  3-22.  |Factors  to  be  considered  include: 


Diagrammatic  s 


Figure  3-23  shows  a  typical  ventilation-system 
diagrammatic.  Air  quantities,  duct  sizes  and  locations  of 
outlets  are  first  decided  relative  to  an  initial  rough  layout. 
Clear  definition  of  outlets  is  very  important.  Duct 
sizes  are  determined  based  on  calculations  of  air  quan¬ 
tities  and  pressures.  As  a  design  develops,  duct  sizes  and 
locations  require  changes.  However,  there  should  be  a 
reasonable  limit  imposed  to  prevent  needless  fine  tuning 
of  ventilations  systems. 


Approximate  locations  of  tanks  are  given  in  basic  general 
arrangements.  As  tank  dimensions  are  closely  related  to  their 
locations,  both  should  be  decided  at  the  same  time  while  con¬ 
sidering  factors  such  as  locations  of  surrounding  pipes, 
machinery,  etc.  Before  final  decisions  are  made  regarding 
tank  locations,  installation,  maintenance,  inspection,  pain¬ 
ting  and  nearby  hull  configuration  must  be  considered. 

Positions  of  pipe  nozzles  on  tanks  are  initially  located  in  a 
piping  rough-layout.  They  are  finally  located  during  model 
making.  A  process  for 
design  details  is  shown  i 

3.6.7  Cableways  and  Tr 


Figure  3-26. 


producing  its 


*  Locations 

The  locations  of  relatively  large  ducts  are,  in  most 
cases,  finally  determined  in  rough  layouts.  Locating 
ducts  on  ceilings  requires  careful  coordination  with  posi¬ 
tioning  electric-cable  trays  and  pipe  runs.  A  preferred  ar¬ 
rangement,  sequence  for  cable  trays,  pipe,  and  ducts  is  il¬ 
lustrated  in  Figure  3-24.  L  seating  a  tray  above  pipe  runs, 
with  ducts  beneath  or  alongside,  permits  the  use  of  com¬ 
mon  supports. 

As  vent  ducts  significantly  affect  the  appearance  of  an 
engine  room,  they  should  be  smartly  arranged.  When 
vent-duct  planning  is  complete,  locations,  sizes  and  other 
dimensions  are  noted  on  rough  layouts  to  serve  as  direc¬ 
tions  to  model  makers. 


3.6.5  Walkways,  Gratings  and  Ladders 

Usually  passages  leading  to  accommodation  spaces  and 
main  passages  inside  an  engine  room  are  approximated  in 
basic  general  arrangements.  Such  drawings  are  employed  for 
defining  walkways,  gratings  and  ladders.  Heights  and  areas 
are  defined  in  a  design  model  but  outlines  and  dimensions 
needed  for  preparing  work  instructions  are  superimposed  on 
a  basic  general  arrangement  as  shown  in  Figure  3-25.  Par¬ 
ticulars,  such  as  for  locating  stanchions,  grating  appendages, 
auxiliary  ladders,  etc.,  are  also  determined  during  design 
modeling. 


As  diamond  plate  and  grating  materials  are  available  in  on¬ 
ly  a  few  standard  sizes,  walkways  should  be  sized  in  exact 
multiple-s  or  simple  fractions  of  the  raw  material  dimensions. 
In  addition  to  reducing  scrap  associated  with  relatively  expen¬ 
sive  materials,  such  standardization  simplifies  design,  fabrica¬ 
tion  and  assembly  efforts. 


Routes  and  sizes  for  cableways  and  trays  are  roughly  plan¬ 
ned  by  electrical  engineers  based  on  diagrams  superimposed 
on  general- arrangement  drawings.  Next,  piping  designers 
decide  rough  positions  of  cableways  together  with  those  for 
pipe  and  duct  rims  Particulars  arc  determined  during  model 


making.  See  Figure  3-27. 


3.6.8  Piping 


— A  process  for  design-modeling  pipe  is  depicted  in  Figure 
3-28.  Typical  rough  layouts  are  shown  iii  Figures  3-29(|a)  and 


(b). 


Routes 


A  route  for  each  system  functionally  described  in  a 
diagrammatic  is  drawn  freehand  on  a  general  arrange¬ 
ment.  While  dimensions  and  exact  positions  are  not  re¬ 
quired  at  this  stage,  there  must  be  clear  deftition  con¬ 
cerning  whether  a  pipe  run  is  located  at  the  lower  floor, 
just  beneath  a  specific  ceiling,  etc.  Figure  3-30  is  ;.n  ex¬ 
ample  of  such  freehand  deftition  for  a  lower-floor. 
Rough  locations  of  pipe  runs,  their  positions  relative  to 
other  runs,  and  especially,  pipe  penetrations  of  hull 
structure  are  decided  when  such  sketches  are  prepared. 

Z  Pipe  and  Valves  Attached  to  Auxiliary  Machinery 


Auxiliary  machinery  locations,  and  sometimes  their 
foundations,  are  greatly  affected  by  positions  of  their  at¬ 
tached  valves  and  pipe  pieces  and  in  the  way  pipe  pieces 
must  be  directed  toward  other  machines,  etc.  Thus,  at  the 
very  beginning,  there  must  be  deftition,  as  in  Figure 
3-31,  of  the  immediately  attached  valves  and  pipe  pieces. 
Afterwards,  locations  and  positions  for  auxiliary 
machinery  are  finally  determined. 
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FIGURE  3-21:  Typical  Preliminary  Design  for  Auxiliary-Machinery  Foundations. 


COORDINATION 

AND 

MODIFICATION 


FIGURE  3-22:  Approach  for  Design  Modeling  Ventilation  Ducts. 
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NEAR  EXH.  GAS  f\ 
ECONOMIZER 
(50M3/min)  o-' 


PARTICULARS  OF  FAN 


VOLUME  (M3/MIN) 
ST.  PRESS.  (MM  Ag) 
INLET  DIA  (MM) 
OUTLET  DIA  (MM) 
r.  p.m . 

MOTOR  (KW) 


VERTICAL  AXIAL  FLOW 
ELECTRIC  DRIVEN 


SUPPLY 

600 
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360  ~ 
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3  5  m  3  /m  i  n 


FIGURE  3-23:  Diagram  for  an  Engine-Room  Ventilation  System. 


3 


FIGURE  3-24:  Locating  Ventilation  Ducts. 


FIGURE  3-25:  Walkways  Above  a  Tank  Top  Superimposed  on  a  Basic  Machinery  Arrangement.  Heights  of  the  various  walkway  regions  are  noted,  e.g.,  H  =  3,800  millimeters. 


MODELING 


FIGURE  3-28:  Design  Modeling  Pipe  Runs. 
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FIGURE  3-29(b):  Rough  Layout  for  an  Engine-Room  (Under  3rd  Deck). 


FIGURE  3-31:  Defining  Pipes  and  Valves  Attached  to  Auxiliary  Machinery. 


Maintaining  suitable  open  spaces  for  operational  and 
maintenance  matters  in  the  vicinity  of  auxiliary 
machinery  is  also  of  prime  concern.  During  such  defini¬ 
tion,  standard  machinery  and  fittings,  and  arrangements 
from  previous  designs  can  often  be  directly  applied  for 
the  purpose  of  saving  design  man-hours  and  enhancing 
progress. 

Along  with  such  activity,  rough  deftition  should  be 
made  for  sea  valves,  valves  for  fuel-  and  lubricating-oil 
strainers,  and  valves  for  bilge  and  ballast  systems,  as  col¬ 
lectively  they  occupy  a  large  part  of  the  space  available  at 
the  lower  floor. 

This  preliminary  definition  is  a  great  aid  for  efficient 
design  modeling  in  a  particularly  difficult  region. 

Main  Piping 

Usually  a  clear  idea  of  a  main-piping  arrangement  is 
very  useful  during  definition  of  pipes  and  valves  attached 
to  machinery.  Therefore,  main  piping  should  be  defined 
along  with  other  items  addressed  in  rough  layouts.  Main 
pipes  are  those  of  comparatively  large  diameter  (more 
than  100  mm)  and  of  functional  importance.  They 
should  be  assigned  the  same  priority  during  layout  work 
as  for  auxiliary  machinery. 


Planning  for  main  piping  begins  at  a  tank  top  and  pro¬ 
gresses  upwards.  In  other  words,  a  recommended  order 
of  planning  is: 

1st  -  horizontal  runs  on  tank  top 

2nd  -  vertical  runs  to  first  ceiling 

3rd  -  horizontal  runs  under  ceiling  and  so  on  for  re¬ 
maining  engine-room  flats 

The  locations  where  branch  pipes  are  to  join  are  also 
indicated  on  rough  layouts. 

•  Branch  and  Small  Pipes 

Usually  branch  and  small  diameter  pipes,  particularly 
if  they  are  of  relatively  little  functional  importance,  are 
omitted  from  rough  layouts.  They  are  modeled  directly 
from  the  route  guidance  contained  in  roughly  arranged 
diagrammtics  as  shown  in  Figure  3-30.  Such  diagrams 
are  annotated  with  information  about  size  and  rough 
dimensions  for  positioning  so  that  they  may  be  easily 
modeled. 
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However,  branch  and  small  diameter  pipes  which  are 
numerous  and  closely  associated  so  as  to  require  a  com¬ 
plicated  arrangement,  e.g.,  suction  and  discharges  for 
lube-oil  purifiers,  should  be  planned  in  rough  layouts  to 
facilitate  modeling. 

Runs  of  many  small  pipes  in  parallel  can  be  simply 
represented  in  a  model  by  some  means,  as  for  cableways, 
to  show  the  space  reserved. 

•  Coordination 

The  following  should  be  carefully  coordinated  with  the 
various  design  groups  during  rough-layout  work  in  order 
to  save  man-hours  and  time  required  for  design  model¬ 
ing: 

-  locations  and  positions  of  pipes  which  penetrate  engine- 
room  boundaries,  e.g.,  pipes  which  penetrate  a  tank- 
top,  pass  through  engine-room  bulkheads  or  which 
enter  accommodation  spaces, 

-  design  alterations  of  hull  structure, 

-  laying  out  manholes,  and 

-  laying  out  electrical  fittings. 


•  Checking 

In  order  to  achieve  optimum  operation  and  in  order  to 
save  materials  and  weight,  checks  should  be  made  to  in¬ 
sure  that  the  lengths  of  pipe  runs  are  minimized. 
Simultaneous  checks  should  insure  that  pipe  runs  are 
straight  and  parallel  and  that  bends  other  than  90  and  45 
degrees  are  not  unnecessarily  employed.2 

The  following  items  should  be  checked,  particularly 
during  rough  layout-work  and  when  apprentice  modelers 
are  to  participate,  in  order  to  minimize  man-hours  and 
time  spent  for  implementing  changes  during  modeling: 

exhaust  and  main-steam  pipes  including  expansion 
joints  and  loops  and  their  special  supports, 

-  cooling-water  piping  (includes  fresh  water  systems), 

-  fuel-oil  piping,  and 

-  lubricating-oil  piping. 

Special  checks  should  be  made  for: 

-  pipe  slopes  and  heights,  and 

-  obstructions  and  interferences. 

Checks  to  confirm  that  each  piping  system  will  function  as 
prescribed  on  its  diagrammatic  should  be  made  after  comple¬ 
tion  of  an  entire  engine-room  model.  Futher,  certain  high- 
temperature  and  pressure  systems  require  system  A&D  draw¬ 
ings  for  regulatory  approvals. 


In  the  most  effective  shipyards,  at  least  30%  of  the  pipe  pieces  defined  for  fabrication  are  straight  or  pieces  that  are  fabricated  as  straight  hut  bent  in  the  final 
process,  i.e.,  after  welding  of  flanges  and  finished  grinding.  Limiting  bends  to  90  and  45  degrees  as  much  as  possible  facilitates  statistical  control  of  pipe-piece 
manufacturing. 
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4.0  HULL  MODELING 


The  various  sections  of  a  hull  model  when  assembled  com¬ 
prise  the  framework  on  which  modeled  outfit  units  and  com¬ 
ponents  are  assembled  and  fixed.  In  order  to  avoid  un¬ 
necessary  costs: 


Prerequisites  for  structural  aspects  of  hull  models  are 

•  sufficient  strength  to  bear  the  weight  of  fittings  and  to 
permit  transportation  without  damage. 


•  parts  of  the  hull  which  are  not  imperative  for  design 
modeling,  e.g.,  shell  plates  should  not  be  included  except 
only  as  needed  to  fix  overboard  connections, 


•  sectionalization  to  facilitate  placing  and  fitting  modeled 
outfit  units  and  components  and  to  provide  good 
“camera”  access. 


•  parts  of  the  hull  which  will  be  in  very  close  proximity  to 

fittings,  e.g.,  columns  and  face  plates  on  webs,  should  be 
of  a  different  color  than  other  structural  members, 

•  complicated  structural  details  which  are  not  significant 
for  outfitting  should  be  omitted,  and 


4.1  Material  and  Colors 

Transparent  acrylic-plastic  sheets  are  most  suitable  for 
modeling  hull  structure.  Suggested  thicknesses  and  color  re¬ 
various  types  of  structure  are  given  in  Figure 


qiiirpmpnR  for 


4-1. 


•  an  accuracy  plan  and  required  tolerances  should  be 
discriminating,  i.e.,  the  same  level  of  accuracy  is  not  re¬ 
quired  everywhere. 


TANK-TOP  PLATE  (also  serves  as 
model  base  ) 

5mm 

COLORLESS 

TRANSPARENT 

DECK  CEILING 

BULKHEAD 

- 

3or5mm 

COLORLESS 

TRANSPARENT 

FRAME 

GIRDER 

3  mm 

COLORLESS  OR  BLUE 

TRANSPARENT 

FACE  PLATE 

BRACKET 

COLUMN 

MANHOLE 

2  mm 

BLUE  TRANSPARENT 

FIGURE  4-1:  Thickness  and  Color  Schemes  for  Modeling  Hull  Structure.  Scale  1:15. 
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FORWARD 


4.2  Sectioning 


4.3.3  Reference  Lines 


Sectioning,  typically  illustrated  in  Figures  3-13 


3-14(b), 


should: 


hrough 


•  achieve  section  lengths  of  more  than  600  mm  and,  for 
stiffness,  not  more  than  800  mm, 


•  feature  ceilings,  as  shown  in 


Figure  4-2 


which  can  be 


removed  to  permit  modeling  down-harm  on  the  deck 
below,  and  when  the  ceiling  is  turned  over,  modeling 
down-hand  on  the  ceiling,  and 

•  if  necessary,  feature  removable  bulkheads  or  access  holes 

in  bulkheads. 


In  order  to  facilitate  attaching  and  assembling  modeled 
parts,  reference  and  stiffener  lines  should  be  scribed  at  scaled 
distances  on  modeled  hull  structure  as  follows: 

•  upper  surface  of  tank  top  -  frame  lines  and  1-meter  apart 

buttock  lines, 

•  each  deck  -  frame  lines,  longitudinal-stiffener  lines  and 

1-meter  apart  buttock  lines, 

•  each  bulkhead  -  stiffener  lines  and  1-meter  apart 

waterlines  which  are  relative  to  the  upper  tank-top  sur¬ 
face, 


In  order  to  facilitate  placement  of  a  modeled  ceiling  when 
assembling  hull-model  sections,  the  columns,  webs  and 
bulkhead  forward  are  glued  to  the  deck  below  as  shown  in 
Figure  4-2.  In  constructing  a  real  ship,  columns,  webs  and 
enveloping  forward  bulkhead  and  side  shell  are  more  likely  to 
be  welded  to  the  deck  above. 


•  engine  casing  -  frame  lines,  stiffener  lines  and  1-meter 

apart  waterlines  which  are  relative  to  the  upper  tank-top 
surface,  and 

•  engine-casing  top  -  frame  lines,  longitudinal  stiffener 

lines  and  buttock  lines. 


in  Figures  4- 


and  4-4. 


4.3  Dimensioning  and  Accuracy 

4.3.1  Dimensioning 

Acrylic-plastic  sheets  of  3  to  5  mm  thickness,  necessary  for 
model  strength,  are  not  representative  of  actual  deck  and 
bulkhead  thicknesses.  Therefore,  a  plan  for  dimensioning 
within  a  structural  model  must  be  carefully  devised 
beforehand.  Typical  reference  lipejS  and  surfaces  for  qlimen- 
sioning  are  shown 

4.3.2  Tolerances 

During  actual-ship  construction,  tolerances  routinely 
achieved  by  some  shipbuilders  are: 

length  +  50  mm  per  100  m, 

width  +  15  mm  for  15  m  or  more,  and 

depth  +  10  mm  for  10  m  or  more. 

Considering  the  foregoing  and  for  an  engine  room  to  be 
about  30-meters  long  in  full  scale,  practical  hull-model 
tolerances  are: 


4.4  Model  Assembly  Drawings. 


Isometric  assembly  sketches  and  part  fabrication  sketches, 
respectively  shown  i  l  Figures  4-5  t  njl  4-6,  sh  mid  be  prepared 
for  each  model  section  in  advance  of  model  making. 
Preferably,  part  numbers  should  appear  on  the  assembly 
sketches  so  that  corresponding  numbers  on  fabrication  sket¬ 
ches  may  be  easily  related.  In  addition  to  part  numbers,  the 
part  name,  quantity  required  and  dimensions  should  be  an¬ 
notated  on  fabrication  sketches. 

Structural  details  which  are  frequently  omitted  or 
represented  in  simplified  form  include: 

•  shell  plates, 

•  longitudinal  deck  stiffeners, 

•  carlings, 

•  doublers, 

•  collars, 

•  lightening  holes, 


length  ±  1  mm, 


•  access  holes. 


width  +_  1  mm,  and 

depth  +  1  mm  (above  tank  top). 


When  required,  details  of  the  foregoing  are  sometimes 
represented  on  acrylic-plastic  surfaces  in  quick-drying  ink. 
Coamings,  the  swings  of  doors,  etc.  are  similarly  represented. 
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FIGURE  4-4:  Dimensioning  Heights  in  a  Hull  Model.  For  on-deck  modeling,  dimensioning  is  always  to  the  deck  surface.  For  on-ceiling  modeling, 
dimensioning  is  always  to  the  ceiling  surface  and  supplemented  by  an  allowance  because  the  modeled  decks  must  be  considerably  thicker  than  scaled 
thicknesses.  For  example,  dimensions  A,  a’,  and  a”  each  represent  the  same  dimensions  in  the  actual  hull  and  the  model.  People  making  measurements 
from  model  ceilings,  must  maintain  awareness  that  the  girder  depth  U  in  the  model  is  necessarily  smaller  than  a  scaled  version  of  L  for  the  actual  hull. 
Thus  the  allowance  to  be  added  when  measuring  from  ceilings  is  represented  by  L  minus  L’. 
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4.5  Construction 


4.5.1  Model  Bases  and  Tank  Tops 

As  model  bases  are  foundations  on  which  entire  models  are 
assembled,  particular  care  should  be  given  to  their  accuracy 
and  rectangularity.  Usually  division  of  a  base  into  three  sec¬ 
tions  as  shown  in  Figure  4-7  i|  appropriate  for  a  typical 
engine  room.  Sometimes  two  sections  are  sufficient. 
Dimensionally-stable  clear  pine  or  equivalent  is  used  for  the 
sides  of  each  base  section  and  a  good  grade  of  plywood  suf¬ 
fices  for  the  tops. 

Acrylic  plastic  sheets  representing  a  tank  top  are  fixed  to 
the  plywood  surfaces  with  screws.  The  projections  of  inner- 
bottom  tanks  are  marked  on  the  tank  top  as  illustrated  in 


Figure  4-8. 


As  illustrated  in  Figure  4-9,  the  outer  contour  of  a  web 
frame  can  be  simply  represented  as  a  scribed  line  highlighted 
by  a  narrow  strip  of  shaded  adhesive  tape.  The  plastic  sheet 
from  which  the  web  frame  is  modeled,  is  allowed  to  extend 
beyond  the  molded  shell  whenever  strength  of  the  assembled 
model  is  a  consideration.  Frames  other  than  web  frames  are 
omitted. 

4.5.4  Girders,  Beams  and  Sea  Chests 

All  main  girders  and  transom  beams  are  modeled  complete 
with  flanges.  Generally,  ordinary  beams  and  longitudinals  are 
not  modeled.  Instead,  .they  are  marked,  as  are  sea  chests,  as 
shown  ir  Figure  4-10.  jea  chests,  as  also  shown  in  the  figure, 
are  sometimes  represented  with  a  solid  block. 


4.5.2  Shell  Plating 


4.5.5  Decks 


Usually  shell  plates  are  not  represented  in  a  hull  model 
because  they  inhibit  placement  of  modeled  fittings  and 
photographic  access.  If  not  so  obstructive,  shell  plates  are 
sometimes  included  for  reinforcing  a  hull  model. 

4.5.3  Frames 

The  inner  contours  of  web  frames  with  flanges  should 
reflect  the  real  ship-structure.  The  flanges  should  be  made 
from  different  color  plastic,  light  blue  is  suggested,  so  that 
they  are  readily  apparent. 


— Engine  room  flats,  as  shown  for  the  2nd  and  3rd  decks  in 
Figure  4-4,  jtre  each  modeled  with  two  acrylic-plastic  sheets. 
This  technique  is  advantageous  because: 

•  ceilings  are  modeled  down  hand, 

Z  assembly  work  can  progress  simultaneously  on  both  a 
deck  and  the  ceiling  beneath,  and 

Z  access  for  obtaining  dimensions,  e.g.,  camera  access  is 
greatly  enhanced. 
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Regarding  an  upper  deck,  camber  is  not  reflected  in  a 
model  because: 

•  the  effect  of  camber  is  represented  by  the  inner  armature 
of  each  web  frame  and  its  flange,  set  Figure  4-11,  and 


•when  turned  over  for  modeling  a  ceiling  down  hand, 
each  model  section  representing  an  upper  deck  will  lie 
flat. 


4.5.7  Brackets 

Outfitting  near  brackets  can  be  particularly  troublesome  as 
they  are  frequently  omitted  from  assembly  drawings  for 
modeling  hull  structure.  In  principle,  all  brackets  should  be 
modeled.  The  positions  of  brackets  which  are  not  modeled, 
should  be  clearly  delineated  in  quick-drying  red  ink. 

4.6  Web  Frame  and  Column  Fabrication  and  Assembly 


4.5.6  Engine  Casing 


A  number  of  alternate  ways  to  section  an  engine  casing  for 
modeling  are  illustrated  in  Figure  4-12.  The  sectioning  scheme 
elected  should  be  one  tllal  best  facilitates  the  later  attachment 
of  modeled  fittings. 


Before  any  assembly  work  starts,  dimensions  of  modeled 
parts  and  the  reference  lines  incorporated  should  be  checked 
and,  if  necessary,  marked  to  show  that  they  have  passed 
inspection. 


|  Figures  4-13  hn 
limensions  are  de 


mgh  4-15  i  lustrate  how  model  web-frame 
ived  from  drawings  of  real  structure  and 


how  allowances  are  made  for  the  proportionally  thicker 
model  decks.  Parts  fabrication  and  various  aspaete  of  weh- 
frame  assembly  are  shown  in  Figures  4-16  through  4-19. 
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ELEVATIONS 


FIGURE  4-12:  Alternatives  for  Dividing  an  Engine-Room  Casing  Into  Sections. 
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m.?:" 


FIGURE  4-17:  Attaching  a  Web  Frame  to  a  Deck  Each  web  is  carefully  positioned  relative  to  a  reference  line  A  syringe  facilitates  metering  the 
amount  of  adhesive  and  a  square  is  used  for  alignment 
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Model  columns  are  made  as  shown  ir  Figure  4-20 


with 

reliance  on  jigs  and  in  lengths  dependent  upon  available 
materials _ Afterwards,  they  are  cut  to  required  lengths. 


Figure  4-21  shows  a  column  on  a  tank  top  and  a  web  frame 
divided  at  approximately  mid  height  between  the  tank  top 
and  third  deck.  Such  divisions  should  match  those  planned 
for  erection  of  an  actual  hull.  Having  such  butts  and  seams 
well  above  the  tank  top  insures  that  access  for  erection 
welding  is  not  confined  by  machinery,  piping  and  other  com¬ 
ponents  fitted  on-block. 

On  higher  levels,  columns  and  web  frames  are  divided  near 
the  ceilings  as  shown  for  the  3rd  and  2nd  decks  in  Figure  4-21. 
This  feature  facilitates  disassembly  and  reassembly  of  model 
sections  but  is  not  likely  to  match  the  divisions  preferred  for 


actual  hull  erection  which  are  shown  ir  Figure  4-22. 


Model  web-frames  and  columns  should  he  carefully  align¬ 
ed  during  assembly  as  depicted  in  Figure  4-23. 
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FIGURE  4-21:  Attaching  Columns.  The  division  shown  at  A  corresponds  to  that  for  erection  of  the  actual  hull.  The  divisions  at  B  and  C  are  only  to 
facilitate  assembly  and  disassembly  of  the  model. 


UPPER  DECK 


FIGURE  4-22:  Hull  Block  Definition  for  an  Actual  Hull.  Except  for  the  block  incorporating  the  tank  top,  blocks  are  defined  so  that  they  are  stable  when 
upside  down  for  outfitting  on  ceilings  and  also  when  turned  over  for  outfitting  on  decks.  Further,  such  stability  minimizes  the  need  for  stays  and  shores 
during  the  erection  process. 
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FIGURE  4-23:  Aligning  Web  Frames,  Columns,  Bulkheads  and  Tank  Panels. 


4.7  Connecting  and  Fastening  Model  Hull  Sections 

Before  completely  assembled  hull  sections  are  joined 
together  to  form  a  hull  model,  each  section  should  be  in¬ 
spected  for  proper: 

•  horizontal  and  vertical  alignment, 

•  overall  dimensions, 

•  dimensions  between  web  frames  and  their  heights,  and 

•  dimensions  between  reference  lines. 


During  initial  assembly  of  hull  sections,  various  guides  are 
employed  to  align  webs  and  decks  and  C-clamps  are  tempo¬ 
rarily  employed  until  final  alignment  is  achieved  all  over;  see 
Afterwards  holes  are  drilled  to  accommodate 
luts  are  employed  to  facilitate  disassembly  and 


Figure  4-24 
bolls.  Wing 

reassembly  as  when  there  is  need  to  implement  design 
changes. 


4.8  Adhesives 


•  Dichloromethane  (CH2C12): 

-  is  not  an  instant  adhesive  but  will  achieve  strong  long¬ 
term  adhesion, 

-  will,  when  too  much  is  applied,  dissolve  plastic  parts, 

-  will,  when  splattered,  make  unsightly  specks,  and 

-  is  cheap  and  seems  most  suitable. 

Any  adhesive  should  be  applied  with  a  syringe  having  a 
barrel  and  fitted  with  a  plunger  and  hollow  needle  in  order  to 
meter  required  amounts. 


Two  kinds  of  adhesives  are  generally  employed  for 
assembling  modeled  hull  structure: 

•  Alphacyanoacrylate: 

-  is  an  instant  adhesive  suitable  for  temporary  adhesion 
only, 

-  is  adversely  affected  by  climatic  circumstances,  part¬ 
icularly  ultraviolet  light  and 

-  hardens  in  a  moment  when  used  with  a  hardening- 
quickener  which  if  not  carefully  applied  can  cause  bums 
to  a  modeler’s  hands. 
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4.9  Miscellaneous  Items 


Simple  ways  of  representing  miscellaneous  .items  often  in¬ 
cluded  in  design  models,  are  illustrated  in  Figures  4-25 


through  4-27. 


FIGURE  4-25:  Marking  Block  Seams  and  Butts.  Quick-drying  black 
ink  is  used. 


FIGURE  4-26:  Manhole  and  Ventilation-Duct  Access  Covers.  Acrylic- 
plastic  sheet,  1-millimeter  thick,  is  employed. 


FIGURE  4-27:  Coamings  and  Expanded-Metal  Partitions.  Coamings 
are  represented  by  1-millimeter  thick  milk-white  acrylic  plastic. 
Expanded-metal  partitions  are  represented  by  transparent  acrylic 
plastic  on  which  just  a  representative  portion  is  crosshatched  with 
quick-drying  black  ink. 
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5.0  MODELING  MACHINERY 


5.1  General 


5.3  Materials  and  Colors 


Very  accurate  modeling  of  machinery  is  expensive.  When 
roughly  made,  models  of  machines  are  cheaper  and  not  very 
impressive  in  appearance.  Thus,  the  degree  of  accuracy  to  be 
achieved  depends  on  the  purposes  of  a  design  model. 

Necessary  prerequisites  for  models  of  machinery  needed 
tor  a  typical  engine  room  are: 

•  realism  sufficient  for  fixing  certain  design  features, 

•  enough  strength  to  prevent  bending  under  the  weight  of 
modeled  piping  and  steel  work, 

•  light  weight  to  facilitate  transportation,  and 

•  designed  so  as  to  facilitate  attachment  of  pipes  and  other 
fittings. 

5.2  Machinery  Items 

There  are  many  different  machinery  items  arranged  in 
typical  engine-rooms.  Although  some  are  standardized,  most 
are  different  from  each  other.  Typical  machinery  includes: 

•  diesel,  gas-turbine  and  steam-turbine  propulsion  engines, 

•  generators, 

•  main  and  auxiliary  boilers, 

•  oil  purifiers, 

•  cargo-pump  turbines, 

•  desalinators, 

•  pumps, 

•  heat  exchangers, 

•  air  compressors, 

•  tanks, 

•  chillers, 

•  motor  controllers, 

•  switchboards,  etc. 


5.3.1  Material 


Standard  machinery  items  available  from  model-supply 
firms  should  be  used  as  much  as  possible.  Non-standard  items 
are  usually  made  from  ABS  resin  and  acrylic-plastic  sheets, 
bars,  etc.  as  these  materials  are  suitable  for  working,  adhering 
and  painting.  Plastic  sheets  of  2-millimeters  and  less  in 
thickness  are  preferred  because  of  ease  in  cutting,  forming 
and  finishing.  Dichloromethane  is  the  adhesive  recommended 
for  such  work.  Other  materials,  e.g.,  plastic  foam  and  wood, 
impose  problems  relating  to  adhesion,  weight,  painting,  dust 
collection,  etc. 


5.3.2  Strength 


Small-size  model  components  tend  to  be  fragile  unless 
special  measures  are  applied: 

•  modeled  items  are  made  as  light  as  possible  to  prevent 
breakage  during  accidental  falls, 

Z  joints  should  be  designed  so  that  surfaces  to  be  adhered 


are  as  large  as  possible;  see 


Figure  5-1,  ai  d 


•  extraneous  attachments,  insofar  as  they  do  not  define 
key  interfaces,  such  as  a  pipe  nozzle,  are  omitted. 


FIGURE  5-1:  Surfaces  to  be  Glued  are  Enlarged  for  Strength  Pur¬ 
poses. 
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5.3.3  Colors 


Spray  painting  is  preferred  over  brush  painting  for  both 
finish  and  workability.  Color  schemes  for  machinery  items 
are  not  usually  significant.  In  special  cases,  the  same  color 
scheme  is  used  for  modeled  machinery  as  an  owner  employs 
in  real  ships.  Other  times,  a  shipyard's  standard  color  scheme 
for  a  real  engine  room  is  employed.  Inmost  cases,  light-green 
is  used  for  all  modeled  machinery. 

5  A  Accuracy 

The  overall  size  and  shape  of  a  modeled  machine  should  be 
a  sufficient,  not  perfect,  representation  of  its  real  counter¬ 
part.  In  1:15  scale,  the  tolerance  for  dimensions  which  fix 
nozzle  positions  should  be  plus  or  minus  1  millimeter  which 
corresponds  to  plus  or  minus  15  millimeters  in  a  real  engine- 
room.  However,  when  such  accuracy  cannot  be  maintained 
during  modeling,  dimensions  extracted  from  a  finished 
design-model  will  require  adjustment  before  the  preparation 
of  fabrication  and  assembly  work-instructions. 

5.5  How  to  Model  Machinery 

5.5.1  Shape 

In  general,  machinery  models  should  be  simple  so  that  they 
just  fulfill  specific  design- modeling  needs.  There  are  usually 
no  requirements  to  reproduce  many  machinery  details. 
Simplification  results  in  easier  work  and  lower  costs. 
However,  for  training  or  display  purposes  some  owners  may 
require  more  detail  than  is  required  for  design  modeling.  In 
any  case,  dimensions  which  fix  certain  features,  e.g.,  pipe  and 
electric-cable  connections  and  space  reserved  for  mainten¬ 
ance,  should  be  faithfully  incorporated. 

Some  principles  which  generally  apply  are: 

•  dimensions  which  fix  pipe  connections  shall  be  accurate, 

Z  complicated  shapes  should  be  reduced  to  simple,  or  com¬ 
binations  of  simple,  geometric  forms,  i.e.,  cubes, 
cylinders,  etc. 

•  irregular  machinery  surfaces  should  not  be  represented, 
and 

•  attached  pipes  provided  by  machinery  manufacturers 

should  be  represented  with  precise  definition  of  where 
they  will  connect  to  shipbuilder-responsible  pipe  runs. 
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5.5.2  Cylinders,  Cones  and  Cubes 

Cylinders  preferably  of  ABS  resin,  are  usually  cut  to  length 
from  tubing.  Discs  cut  from  sheet  plastic  are  fitted  to  the 
ends.  Sometimes,  when  diameters  are  relatively  small, 
cylinders  are  shaped  on  a  lathe  from  round  stock.  Similarly, 
cones  are  also  shaped  on  a  lathe.  Cubes  are  made  from 
acrylic-plastic  sheet,  preferably  2-millimeters  thick.  Usually, 
remnants  that  result  from  constructing  a  hull  model  are 
employed. 

5.5.3  Machinety  Models 


-AZarkais-examples  for  modeling  machinery  are  illustrated  in 


Figures  5-2  t  irough  5-12.  ^articular  note  is  made  of  Figures 
5-2  a|n|d  5-5  which  show  Simplified  models  sufficient  for 


design  modeling  compared  to  more  complex  versions  as  need¬ 
ed  for  operation  training  or  for  display  purposes. 


5.5.4  Other  Matters 


Centerlines  and  baselines  are  required  on  models  of 
machinery  items  in  order  to: 

•  confirm  positions  and  dimensions  of  nozzles, 

•  accurately  locate  positions  of  machinery  models,  and 

•  obtain  dimensions  required  for  other  fitting  work 

Terminal  box  positions,  except  for  very  small  motors, 
should  be  clearly  defined.  A  large  terminal  box  should  be 
faithfully  modeled  and  attached  to  its  motor.  Models  for 
small  terminal  boxes  could  be  simply  represented  by  noting 
their  positions  on  motors  with  quick-drying  ink. 

Modeled  machinery  items  should  bear  identifications. 
Usually,  actual  names  or  code  numbers  from  layout  drawings 
are  printed  on  adhesive  labels  which  are  fixed  to  easily  seen 
parts  of  modeled  machinery. 

Similarly,  the  direction  of  flow  in  each  pipe  system  is  mark¬ 
ed  in  design  models.  Extreme  care  must  be  taken,  as  incorrect 
identification  of  flows  could  have  serious  consequences,  such 
as  pressure  on  top  of  a  valve  disc. 

Adhesive  labels  are  used  to  identify  space  reservations  for 
maintenance,  such  as  for  heat  exchangers.  Manholes  and  test 
holes  are  also  identified  in  this  manner. 
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FIGURE  5-3 :  ModeUng  a  Lube-Oil  Purifier.  The  simple  version,  A,  is  sufficient  for  design  modeling.  Training  or  display  requirements  could  require 
more  detail,  B. 


Electric-Drive  Pump. 


FIGURE  5-9:  Plate-Type  Cooler  Models. 
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FIGURE  5-11:  Tube-Type  Heat-Exchanger  Model.  The  parts  shown  are  readily  available  from  model-supply  firms.  Insulation  thickness  is  included  in 
the  dimension  for  the  outside  diameter  of  the  shell. 
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6.0  MODEL  FITTINGS 


Model  fittings  for  piping,  valves,  ladders  and  such  items 
other  than  machinery,  are  also  important  elements  for  design 
modeling.  One  of  the  keys  to  successful  design  modeling  is 
the  availability  of  sufficient  types  of  modeled  fittings 
manufactured  to  a  certain  accuracy.  Many  are  standardized 
and  are  readily  available  from  model-supply  firms.  Others  are 
custom  made  usually  by  people  assigned  to  assist  design 
modelers. 


Particular  note  should  be  made  of  the  wt[y  insulation  sleeves 
are  attached  as  illustrated  ir  Figure  6-3. 


Models  for  non-standard  valves  and  fittings  should  be 
custom  made.  Typical  such  items  which  are  readily  made 
from  conventional  model  materials  are  illustrated  in 


Figure  6-4. 


6.2  Ventilation  Ducts 


6. 1  Piping 

Necessary  conditions  for  materials  needed  to  model  pipe 
are: 

•  lightweight  and  strong, 

•  easy  to  work  and  assemble, 

•  inexpensive,  and 


Ventilation-duct  models  are  made  per  layout  drawings  and 
are  usually  in  ivory  color.  Round-duct  models  are  made  from 
acrylic  tubing  and  acrylic  hard-foam  or  sheet  is  used  for  rec¬ 
tangular  duct.  Typical  .sectioning  for  a  vent-duct  assembly  is 


shown  in  Figure  6-5.  Ml  duct  parts  should  be  made  before 
assembly  starts. 


Acrylic  hard-foam  is  preferred  over  styrene  foam  because 
it: 


•  tight  adherence  to  model  components. 


•  generates  less  dust  when  sawn,  and 


Such  materials  are  produced  in  various  colors  including 
red,  blue,  yellow,  green,  orange,  white,  brown,  black,  purple, 
silver  and  gray.  Advantages  of  color-coding  modeled  pipe- 
systems  are: 


•  does  not  dissolve  as  readily  when  painted. 

Alphacyanoacrylate  with  a  hardening  quickner  is  a  suitable 
adhesive. 


•  ease  in  identifying  pipe  runs,  finding  faults  and  locating 
problems, 


6.3  Steel  Work 


•  during  meetings  which  include  people  other  than 
modelers,  understanding  is  enhanced, 

•  ease  in  assessing  design-modeling  progress,  and 

•  ease  in  extracting  design  information. 


Steel  work  in  design  modeling  concerns  tanks,  auxiliary- 
machinery  foundations,  walkways,  gratings,  ladders,  pipe 
supports,  lifting  beams,  etc.  Because  they  vary  so  much  in 
form  and  size,  their  modeled  counterparts 


made 


6-7. 


from  standard  materials  as  shown  in  Figures  6-6  and 


Disadvantages  of  color-coding  modeled  pipe-systems  are 


6.3.1  Tanks 


•  more  different  material  items  must  be  procured  and 

stocked, 

•  difficulty  in  estimating  material  requirements,  and 

•  less  flexibility  in  using  materials. 


A  model  for  a  cylindrical  tank  is  made  from  large-diameter 
pipe  or  by  rolling  ABS -resin  sheet.  A  procedure  for  modeling 
a  rectangular  tank  is  given  in  Figure  6-8.  The  outside  dimen¬ 
sions  of  an  insulated-tank  model,  should  include  the  insula¬ 
tion  thickness.  Sometimes,  a  different  color  plastic  is  used  to 
indicate  that  a  tank  is  insulated. 


Accordingly,  the  numbers  of  colors  employed  should  be  con¬ 
sistent  with  the  specific  reasons  for  making  a  model. 


Standard  model  parts  for  some  modeled  pipe-diameters  are 
not  available  from  model-supply  firms.  Therefore,  design 
modelers  sometimes  employ  available  parts  for  the  next 
largest  modeled-pipe  diameter.  Appropriate  dimensional  ad¬ 
justments  are  made  when  data  is  extracted  for  preparation  of 
fabrication  and  assembly  work  instructions  Typical  standard 


modeled-pipe  items  are  shown  ii  Figures  6-1 


through  6-3. 


6.3.2  Foundations 

When  necessary,  foundation  models  are  detailed  to  the  ex¬ 
tent  shown  ii  l  Figure  6-9.  parts  to  be  of  the  same  length  are 
bundled  with  adhesive  tape  for  simultaneous  cutting  and 
finishing.  Horizontal  members  are  assembled  first  and  the 
assembly  is  afterwards  inspected  for  rectangularity.  Legs  are 
attached  using  a  surface  plate  and  square  to  insure  perpen¬ 
dicularity.  Gray-plastic  angle-or  square-bars,  9.5-,  6.4-,  4.8- 
and  3.2-millimeters  wide  are  regularly  used. 
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6.3.3  Walkways  and  Gratings 


Walkways  and  gratings  are  made  of  colorless  transparent 
acrylic-plastic  sheet.  Just  their  outlines  are  marked  with  blue 
quick-drying  ink.  There  is  no  need  for  finish  cutting  nor  are 
framework  and  supports  modeled,  as  necessary  details,  easily 
derived  from  walkway  and  grating  standards,  are  added  dur¬ 
ing  preparation  of  work  instructions.  At  adequate  intervals, 
vertical  members,  made  from  3.2-millimeter  angle,  are  added 
to  hold  [the  simplified  walkyays  and  gratings  at  their  correct 
heights; 


see  Figure  6-10. 


6.3.4  Ladders 


Standard  ladder-materials  of  varying  widths  are  available 
from  model-supply  firms.  These  are  cut  to  length  and 


mounted  between 
gratings  as  shown  in 


i-mpli  fied-al 


Figure  6-11. 


:ar-plastic  walkways  and 


6.3.5  Stanchions  and  Handrails 


Stanchions  and  handrails,  although  available  as  standard 
components,  are  not  usually  incorporated  in  design  models 
except  where  there  are  special  concerns  as  on  landings  at 
engine-room  entrances.  Such  details,  including  those  for  lad¬ 
ders,  are  readily  developed  from  standards  while  preparing 
work  instructions. 

6.3.6  Lifting  Beams 

Lifting  beams  that  cannot  be  represented  by  standard 
plastic  I-beams  available  from  model-supply  firms,  are 
custom  made  usually  from  3-millimeter  thick  sheet  plastic. 

6.3.7  Storeroom  Racks 


Framework  for  a  storeroom  rack  is  modeled  with  plastic 
angle -bars  and  shelves  are  made  from  plastic  sheet. 

6.3.8  Exhaust  Pipes 

Straight  lengths  of  exhaust  pipes  are  made  from  plastic 
tubing.  Bends  are  created  with  purchased  ells  or  mitered 
joints. 

6.3.9  Pipe  Bands 


Pipe  bands  serve  only  to  hold  modeled  pipe  runs  in  their 
positions.  They  do  not  represent  pipe  supports  to  be  fitted  in 
an  actual  ship.  As  shown  i  l  Figure  6-12  pipe  is  adhered  to 
pipe  bands  which  are  usuaH-y-ffl^e-frem  plastic  angle-  or 
square-bar.  As  also  shown,  other  types  are  simply  made  from 
plastic  sheet  or  are  designed  so  that  pipes  can  be  snapped  in 
and  easily  removed.  The  numbers  of  pipe  bands  used  and 
their  spacing  should  be  just  sufficient  to  avoid  sagging  pipe 
runs. 
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PIPE 


90°  ELBOW  90°  FEMALE  ELBOW  4  5°  ELBOW  45°  FEMALE  ELBOW 


ECCENTRIC  REDUCER  CONCENTRIC  REDUCER  WELD  CAP 


FIGURE  6-1:  Standard  Items  for  Pipe  Systems 
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FIGURE  6-5:  Model  for  Ventilation-Duct  Assembly. 
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ADHERED  LAST 


FINISH  OF  CUT  FACE 


FIGURE  6-8:  Procedure  for  Modeling  a  Rectangular  Tank.  Acrylic-plastic  sheet,  2-millimeters  thick,  is  used.  Details,  such  as  a  water  gauge,  are 
simply  marked  on  the  tank  model  with  quick-drying  ink. 
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7.0  PIPING  WORK 


Piping  work  starts  after  models  of  machinery  and  other  fit¬ 
tings  are  completed  and  is  guided  by  rough  layouts.  Exact 
positions  of  pipe  runs,  particularly  when  not  clear  on  rough 
layouts,  are  determined  by  design  modelers  within  a  model 
which  already  incorporates  arranged  machinery. 

Piping  work  is  rather  easy.  Pipe  is  cut  or  sawn  to  length 
and  purchased  snap-on  elbows  and  tees  are  connected  as 
shown  in  pigure  7-1. 

7.1  General 

As  design  models  are  composite  arrangements  which  repre¬ 
sent  the  final  output  of  transition  design,  only  the  following 
pipe  flanges  should  be  represented: 

•  flanges  needed  to  define  interface  boundaries  for  on-unit 
and  on-block  outfitting. 

•  flanges  which  define  pipe  runs  for  which  slope  is  critical, 
and 

•  flanges  needed  for  take-down  joints. 

The  following  considerations  also  apply: 

•  pipe  quantities  by  diameters  should  be  estimated  in  ad¬ 
vance, 

•  a  plan  should  be  devised  before  start  of  piping  work, 

•  required  accuracy  should  be  maintained, 

•  functions  of  pipe  runs  should  be  checked, 

•  care  should  be  exercised  for  administration  of  materials, 
work  schedules  and  man-hours. 

7.2  Outfitting  On-Unit 

Units  are  classified  according  to  function,  e.g.,  auxiliary 
units,  walkway  units,  piping  units,  tank  units,  etc.  and 
various  combinations  thereof.  Also,  they  are  classified  as 
small  and  large  based  on  the  quantities  of  fittings  that  are  to 
be  assembled. 


Outfitting  on-unit  in  design  modeling  is  performed  in  ac¬ 
cordance  with  rough  layouts.  Generally,  machinery  models 
are  first  arranged  before  foundations  are  attached.  Pipes, 
valves,  and  other  fittings  are  then  assembled  with  walkways 
being  last. 

Each  outfit  unit  is  landed  on  a  .tank  top,  ceiling  or  deck  of  a 
hull-model  section  Figure  7-2  show  examples  of  outfitting 
on-unit.  - 


7.3  Outfitting  On-Block 

Outfitting  on-block  consists  of  assembling  individual  com¬ 
ponents  on-block,  landing  outfit  units  on-block  and,  more 
frequently,  combinations  of  both  of  the  foregoing. 

Outfitting  the  ceiling  side  of  a  hull  model-section,  Figure 
7-3,  i>  performed  as  follows: 


•  a  hull  model-section  is  placed  in  an  upside-down  position 
on  a  work  table  so  that  fitting  work  can  proceed  down 
hand, 

•  outfit  units,  when  they  exist,  are  fitted  first,  then  electric- 
cableways  and  trays,  pipe  and  vent-duct  runs,  and 
fluorescent-light  fixtures,  in  that  order. 

7.4  Outfitting  On-Board 


Outfitting  on-board  is  the  work  of  assembling  remaining 
components  after  fitting  work  is  completed  in  the  hull  model- 
sections  and  the  sections  are  assembled  together.  The  work 
mostly  consists  of  attaching  connecting  pipes  between  hull 
sections  and  finishing  the  installations  of  walkways  and  lad¬ 
ders;  see  Figure  6-11.  At  this  stage  some  modification  work  is 
usually  encountered. 
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MODEL 


FIGURE  7-4:  Modeling  Cableways. 


7.5  Electrical  Equipment 


Main  cableways  are  modeled  with  fluorescent-green 
acrylic -plastic  sheet,  2-millimeters  thick,  in  accordance  with 
rough  layouts.  Small  cableways  are  usually  not  modeled  as 
they  can  be  defined  during  subsequent  preparation  of  work 
instructions.  Although  cableways  are  usually  fitted  with  more 
than  one  tray  in  a  real  ship,  providing  for  only  the  lowermost 
tray  is  sufficient  for  design  modeling;  see  Figure  7-4. 
Sometimes,  labels  are  attached  which  indicate  die  actual 
number  of  trays. 

Large  controllers,  such  as  for  control  centers,  are  modeled 
from  acrylic-plastic  sheet  or  hard  foam.  Small  panels  are 
deferred  for  inclusion  in  work  instructions. 

Generally  only  fluorescent-light  fixtures  to  be  arranged  on 
engine-room  ceilings  are  modeled.  They  are-simply  made 
from  acrylic -plastic  sheet  and  rod  as  shown  ir  Figure  7-5. 


FIGURE  7-5:  Modeling  a  Fluorescent-Light  Fixture. 
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8 . 0  WORK  INSTRUCTIONS  DERIVED  FROM  MODELS 


Although  a  number  of  sophisticated  methods  exist  for  ex¬ 
tracting  information  from  models  to  facilitate  use  of  a  com¬ 
puter  for  preparing  fabrication  and  assembly  drawings,  they 
are  not  yet  applied  as  standard  practice.  Instead,  the  method 
most  widely  used  is  manual  dimensioning  from  models  and, 
because  of  market  circumstances  requiring  many  relatively 
simple  ships,  even  manual  preparation  of  drawings  prevails. 
Typical  drawings  produced  from  models  are: 

•  assembly  drawings  for  outfitting  on-unit,  on-block  and 
on-board,  and 


•  fabrication  drawings  for  pipe  and  vent-duct  pieces,  foun¬ 
dations,  walkways,  ladders,  tanks,  etc. 

8 . 1  Assembly  Drawings 

8.1.1  Drawings  for  Outfitting  On-Unit 


Two  types  of  drawings  are  used  for  providing  design  details 
and  designating  assembly  work  for  outfitting  on-unit.  The 
first  is  a  composite  for  only  a  specific  unit  and  is  appropriate 
if  the  unit  is  to  be  assembled  by  relatively  inexperienced 
workers  or  by  a  subcontractor.  The  second  is  a  composite  ar¬ 
rangement  drawing  which  typically  encompasses  much  more. 
Each  depicts  components  for  work  packages  for  outfitting 
on-unit,  on-block  and  on-board,  their  relationships  to  each 
other,  and  how  they  are  interconnected,  i.e.,  the  role  of  each 
assembly  work  package  in  the  overall  scheme  for  outfitting 
on-unit,  on-block  and  on-board  is  shown.  Where  workers  are 
experienced  enough,  the  latter  type  drawings  are  preferred. 


Typical  drawings 

ting  on-unit  are  shown  iiji  Figure-s  8-1 
are  sufficient  for 


instructions  for  outfit- 


tnd  8-2.  Such  drawings 
fabrication  drawings. 


8. 1.2  Drawings  for  Outfitting  On- Block 


The  boundaries  and  number  of  each  hull  block  are  marked 
on  composite  drawings  as  shown  ill  Figures  8-3  bid  8-4. 
Locations  and  piece  numbers  of  fittings  to  be  assembled  TTTF 
block  must  be  the  same  in  both  fabrication  and  assembly 
drawings.  And,  the  number  of  a  destination  hull  block  must 
appear  on  each  fabrication  drawing. 


8.1.3  Drawings  for  Outfitting  On-Board 

Fittings  to  be  assembled  on-board  are  needed  during  hull 
erection  to  join  together  the  various  outfit  units  which  have 
been  “blue  sky”  landed  and  outfitted  blocks.  Such  fittings 
are  shown  and  designated  for  on-board  fitting  work  on  com¬ 
posite  drawings  such  as  those  described  in  Part  8.1.1.  Thus, 
no  special  assembly  drawings  are  required.  Further,  designa¬ 
tion  for  on-board  assembly  appears  on  the  fabrication  draw¬ 
ings  for  such  fittings. 

8.1.4  Other  Assembly  Drawings 

Positions  of  independent  tanks,  walkways  and  vent  ducts 
are  usually  superimposed  on  the  composite  drawings  and 
could  be  designated  for  outfitting  on-unit,  on-block  or  on¬ 
board.  Sometimes  a  separate  drawing  can  be  effectively 
employed  for  both  fabrication  and  assembly  of  a  number  of 
walkway  or  vent-duct  components. 

8 . 2  Fabrication  Drawings 

8.2.1  Pipe  Pieces 

Methods  for  obtaining  pipe -piece  dimensions  from  design 
models  include: 

•  direct  use  of  3-dimensional  digitizers, 

•  digitizing  from  composite  drawings  based  on  the  model, 

and 


»manual  take-off  of  dimensions  directly  from  the  model. 


Figure  8-5  shows  a  typical  pipe-piece  fabrication  drawing, 
he.,  work  instruction,  resulting  from  computer  processing  of 
the  dimensions  obtained  by  any  of  the  methods  noted.  In  ad¬ 
dition  to  required  dimensions,  such  work  instructions  include 
material  lists,  flange  ratings,  fabrication  instructions,  etc.  All 
necessary  information  for  a  shipyard’s  or  subcontractor’s 
pipe  shop  to  make  a  specific  pipe  piece  is  included. 
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FIGURE  8-5:  Typical  Work  Instruction  for  Fabricating  a  Pipe  Piece. 


8.2.2  Auxiliary  Machinery  Foundations 


As  previously  noted,  models  of  foundations  are  highly 
simplified.  Hence,  drawings  for  actual  foundations  must  take 
into  account  many  more  considerations,  such  as,  strength, 
size,  space  requirements,  etc.  Attachment  details  and  designa¬ 


tion  for  on-unit  or  on-hloek  assemh 


fabrication  drawing.  Figures  8-6 


/  must 
Ln|d  8- 


ust.  he  shown  on  each 
7  are  examples  of 
fabrication  drawings  'fur  auxiliary  ihachmery  foundations.  In 
general,  they  are  nearly  identical  to  traditional  practice. 

8.2.3  Walkways  and  Ladders 

Drawings  for  walkways  and  ladders  are  usually  made  by 
manual  dimensioning  from  models  and  manual  drawing 
preparation.  Walkway  fabrication  and  assembly  details 
generally  appear  on  the  same  drawing. 

8-11. 


See  Figure  8-8  tlirough 


96 


n 


_  t  bj£Q  '  '  ? 

4  5o  .'..50 _« 

i  ft  rt 

4/  4?  -#3 

„  _Jo4  _*aJ0  7?p_  w _ /;?Q 


C  c  7.  of  L"J£R 

r/R€  POM? 

_  '?C 


NOTH 


r? 

rs 

*■  — 

<n  * 

>-  T 

*•  „n - *“i 

t  N  0  -  ! 

1  U  »  *  Mt 

■#3 

-*4 

*■  -  k 

« 

>-  *ol£ 


a:'/^ 

;(W|i3 

*»** 

<tp:»r> 
■  k&i 


;  a* 

i  *'i  t 


70  i  So  I  yo  Jo 

y/3o»/So»^  :l-  *  J*  /oo  T  -*'r 

J  7H  ; : 


t/T rs,'i^i2 

j  t  , 


7®  go  ,oo  J® 

^  ~f  *4  ■§*•*■■%  *l 

!  30 


f  1  **0.^5  l^/$^°/fs 

*,/6S  W 


\IAMT  '  ^Vsrt:»  "ATK  :  *««*** 
l 


L*>  r 
rf^T 


*S  ,irr 


5  H  $$  ? .  ■  j  *  0 d  •  f‘ 

O  0  0;'  O.  0  0  !  0  ‘0  f 

niton  r*'?«js 

- 1- Uid^rka^ifHzo 


■So  T*m 

U4'  ?  ai  si 


■H - !*' *  ef  *  < 

J  I  M  vi* 

ir ■-* -:.T_i  * j  'I  4* 

j  4.s  o  0  0 

-  ~  -0  *o.  0 

j  «  *  - ', 

t ~~~~  ** ;  °;  ’■»  , 


1  W*  ! 


i  &.rh***P 

-'#R‘_ .  riri,‘ 

r  *  1  r  >  !e : 


—  — t  —4  0»- 1 1 — ^ 

*>  >  t  C1  i 

,0  w  v,  f  *  i-  — < 

■*  *  „ 

■V  7  *  "  • 


, joo  \t  •  j _  . 

.  f?&o  '  \ 

(Mt*v  r/fe_alj} 

u"  ~  -  ta  *  u 

Ll2£? &>LT  sous  „ 
tie*  60 CT 


~OHbc*RD  ” 

_ .  .  ^0714  r 

1 

/  o  $  fiff  cool  j  *y  pu^p 
,  » 

<5  0O<  / 


\  ■;•  c  * 

VJ^t  * 

f  "o 
<  ■  h 

i> j.  A.  Al^- 


1*  /SO  *  /?  _ _ 

,7?o. 

..  .46-*  C 

*  So  *  4  _ _ 

jl ?. 

#4  /oo  i?ys .  _ 

:  -« sc 

o.?< 

3/..L. 

^70*  <*50  *  -or 

? 

/OO  «  too  *  *0 

4 

si 

y45  *  MO  «  /o1 

J 

.  ! 
iv 

t 

jto  *  yo  »  /o* 

4 

_,.  y  oA. 

?So* 

... ,  .  //■  5. 

?ao  *  ioo  *  u 

4 

/J  6 " 

STAGE 

JA//T 

</B-3^ 

AREA 


/  tOO 
, , oaa  > 


w 


5  0  v  5  o  *  6 


.  r  **  *  ^D7J 


T - ~f 


^  C 

00^400^  <50*30*4  ^ 


'-.&£i!tS*f> 


\  t 

i  O 


— :  7^rq 

i 

t _ [ _ _! 

- fM — *1 - r-  i 


„  J5? 


?  J.noP4:  5 -  J.VT — K - *7  i  > 

3  1  ux|j  _  [  ;]_  .. 


^(n _ 


3  -  B 


— -  -T-.— I It 

n^r. 

i  K, rf 


c  -  6 


f  ^ 


£iB£fuWP_SEiT_ 
AP.&  P£P  COpL_ 
6  tv.  PUMP  S£P7 


0^0  1 

«w*  >/ 

u  ;ffl 

!  l 

J  *  <w 

' 

*  0 
Ol  © 

i  "  T 


CAdltP^  JOQ  «  9/"8 


HtJft-.  v « «,tr  OF  TART  ;  ^oh"41  =  M^TtKIAi  wfllCHT 

mh”-  &J  NAME  °P  .  jHME\sioy  1  -u 


REMARK 


MAXI T  No. 


CODE  No 


FIGURE  S-7:  Typtod  Work  Imtnictkm  Tor  Fabhcatiaf  an  Aunlxr>'-Ma>irioefy  Fouodzbofti. 


t; 


*JL*r_ 

tvt  jU..'7T»_ 


Walkway. 


100 


(l)  "A"  TIPS  LADDER  (CHECKER  PLATE  TYPE) 


no. 

name 

material 

1 

STEP 

CHECKER  PLATE 

2 

SIDE  PLATE 

SS41 

3 

COVER 

SS41  (with  galv.) 

4 

PIECE 

SS41 

5 

PIECE 

SS41 

6 

BOLT, NUT 
_ 

SS41 

TYPE 

B 

SYMBOL 

A400  TYPE 

400 

ELA-400 

A450  TYPE 

450 

KLA-450 

A500  TYPE 

500 

KLA-500 

A550  TYPE 

550 

KLA-550 

A600  TYPE 

600 

KLA-600 

FIGURE  S-10:  Typical  Fabrication  and  Assembly  Work  Instruction  for  a  Standard  Ladder. 
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S. NO. 5607 

ENG.  ROOM 


MANUFACTURING  LIST  OF  LADDER 


LADDER 

No. 

INSTALL. 

AREA 

APPLIED  STD. 

SYMBOL 

REQ'D 

H 

FLH001 

KF2 

KLA  600 

1 

2715 

F  LH  002 

KF2 

KLA  600 

1 

2365 

FLH003 

KF2 

KLA  600 

1 

620 

F  L  H  004 

KF2 

KLA  600 

1 

545 

FLH005 

KF2 

KLA  600 

1 

650 

FLH006 

KF2 

KLA  600 

1 

650 

FLH007 

KF2 

KLA  600 

1 

820 

DIMENSION 


L 

A 

ANG. 

P 

PI 

P2 

STP 

3015 

1855 

55 

250 

250 

215 

1.0 

2588 

1610 

55 

250 

200 

165 

9 

458 

390 

55 

250 

190 

180 

2 

366 

335 

55 

0 

275 

270 

1 

494 

410 

55 

250 

200 

200 

2 

494 

410 

55 

250 

200 

200 

2 

702 

530 

55 

250 

300 

270 

2 

FIGURE  8-11:  Typical  Manufacturing  List  for  Ladders. 


8.2.4  Tanks 


There  are  two  types  of  tanks,  i.e.,  integral  with  hull  struc¬ 
ture  and  independent.  The  former  is  necessarily  incorporated 
as  part  of  hull-block  assembly.  Details  of  connecting  pipe 
pieces,  nozzles,  etc.  are  produced  as  described  for  outfitting 
on-block.  Fabrication  drawings  for  independent  tanks, 
typically  shown  in  Figure  8-12,|are  made  per  dimensions  ob¬ 
tained  from  tank  models.  As  for  other  fabrication  drawings, 
an  on-unit  or  on-block  outfitting  stage  must  be  designated. 


8.2.5  Ventilation  Ducts 


Drawing  for  ventilation-duct  runs  may  be: 


superimposed  on  composites  in  sufficient  detail  so  that 
separate  fabrication  drawings  can  be  prepared  for  each 
duct  piece,  or 


a  separate  drawing,  as  shown  ir  Figure  8-13,  or  both 
fabrication  and  assembly  of  a  portion  of  a  ventilation- 
duct  run. 
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FIGURE  $-12:  Typical  Fihrigliai  Work.  Instruction  for  a  Task. 
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9.0  MODEL  SHOP  FACILITIES  AND  REQUIREMENTS 

9.1  Location  and  Space 

A  model  shop  should  be  located  near  the  room  assigned  for 
outfit-design.  This  close  proximity  is  needed  because  design 
phases  are  intentionally  overlapped  and  designers  have  need 
to  constantly  interact  with  both  design  modeling  and  drawing 
processes.  Although  close,  distinct  separation  is  required 
because  of  noise  and  dust  associated  with  modeling  work. 
Depending  on  a  yard’s  shipbuilding  capacity,  the  space 
allocated  for  a  model  shop  should  permit  6  to  15  hull-block 
models  to  be  assembled  simultaneously. 

9.2  Conditions  for  Modeling  Work 
9.2.1  Environment 


In  order  to  prevent  plastic  materials  from  sagging  and  also 
for  the  comfort  of  design  modelers,  the  model  shop  should  be 
air  conditioned  and  kept  at  about  25-degrees  Centigrade. 
Lighting  should  be  equivalent  to  that  provided  for  conven¬ 
tional  drafting,  i.e.,  about  500  lux.  Adequate  ventilation  is  re¬ 
quired  as  sawing  and  joining  processes  for  plastics  produce 
toxic  gases.  Provision  must  also  be  made  for  dust  collection. 


9.2.2  Furniture,  Equipment  and  Tools 


A  typical  model-shop  arrangement  is  shown  in  Figure  9-1 
The  furniture  required  includes  cabinets  and  wood-top  work1 


tables  as  illustrated  in  Figure  9-2.  The  furniture  should  be 
supplemented  with  II  re-exiiithitgiiA-ners ,  photographic  equip¬ 
ment,  trash  cans,  etc. 


Safe,  efficient  and  effective  machine  tools  are  important 
as,  in  addition  to  use  by  experienced  modelers,  they  could  be 
operated  by  people  who  have  primarily  design  or  some  other 
expertise.  Typical  machine  tools  for  model  shops  include, 
large  and  small  circular  and  band  saws,  and  a  circular-saw 
cutter,  planer,  belt  sander.  combination  bench  grinder  and 


buffer,  and  drill  press.  See  Figure  9-3. 


Typical  other  tools  required  include: 


•bench  vises  (large  and  small), 
•  hacksaws  (large  and  small), 


•  C-clamps, 
•surface  gages, 
•vernier  calipers, 


•  steel  rules, 

•  steel  tapes, 


squares, 

inside  and  outside  calipers, 
protractors, 
screwdrivers, 
adjustable  wrenches, 
side-cutting  pliers, 
needle-nose  pliers, 
chisels, 
hammers, 
wood  mallets, 
planes, 
scissors, 
knives, 
files, 

cast-iron  weights, 
levels, 
whetstones, 
nail  pullers, 
drills,  and 
wire  brushes. 

Miscellaneous  equipment  and  supplies  needed  include: 
face  masks, 
goggles, 

syringes  for  applying  adhesives, 

adhesives, 

“Dymo”  tapewriter, 
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sandpaper, 

adhesive  tape  (one-side  and  double-side) 
pens  and  quick-drying  ink. 


1.  DUST  COLLECTOR 

2.  CIRCULAR  SAW  WITH 
SLIDING  TABLE 

3.  CIRCULAR  SAW  WITH 
TILTING  TABLE 

4.  PLANER 

5.  BAND  SAW 

6.  LATHE 

7.  BUFFER 

8.  GRINDER 

9.  BELT  SANDER 
1  0. DRILL  PRESS 

1  TRACK  FOR  SHEETS 

12.  RACK  FOR  PIPES 

13.  PIGEON  HOLES  FOR 
PARTS 

14.  WORK  TABLE 

15.  ASSEMBLY  WORK 
TABLE 

16.  HULL  MODEL  BASE 

17.  DESIGN  DESK 

18.  CABINET 

19.  PAINTING  ROOM 

20. AIR  CONDITIONER 


FIGURE  9-1:  Typical  Model-Shop  Arrangement. 
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CIRCULAR  SAW  WITH  SLIDING  TABLE 
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10.0  DESIGN  MODELING  FOR  OTHER  THAN  SHIPS 


Figures  10-1  llhrou*  h  10-5  s  low  various  aspects  of  design- 
m'odel  sections  for  a  phosphoric-acid  and  by-products  plant 
constructed  by  Hitachi  Zosen  (Shipbuilding)  Corporation. 


The  design  model  was  made  in  accordance  with  process- 
data  sheets,  mechanical-data  sheets,  arrangement  plans  and 
other  reference  drawings  to  achieve  a  plant  that  is  safe, 
economical,  and  easy  to  operate  and  maintain.  Further,  the 
model  was  also  intended  to  be  used  for  education  and  training 
of  the  customer’s  people.  Immediately  after  use  for  creative 
design  purposes,  the  model  was  transported  to  the  construc¬ 
tion  site  where  it  was  widely  used  to  facilitate  scheduling 
discussions  and  to  plan  post-delivery  maintenance  pro¬ 
cedures. 


The  model  was  built  to  1:30  scale,  had  52  separate  bases 
(each  1.5  by  0.75  meters),  and  occupied  a  total  area  of  about 
60  square  meters.  Approximately  7,000  man-hours  were  re¬ 
quired  for  structures,  platforms  and  machinery  and  about 
13,000  for  assembling  piping  and  electric-cable  runs.  The 
number  of  man-hours  required  for  such  design  modeling  is 
relatively  high  compared  to  that  for  a  ship’s  engine-room 
because  the  design  of  large  industrial  plants  entails  much 
more  design  alteration  and  modification  of  details. 

Usually  for  a  large  industrial  plant,  an  overall  layout  model 
is  made  to  1:1,000  scalel  see  Figure  10-6. 
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FIGURE  10-2:  Design-Model  Sections  for  a  Chemical  Plant. 


Ill 
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